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0 ORGANIC ELECTROLUMINESCENT ELEMENT. 

5 

^ © An organic electroluminescent element prepared from a polymer comprising polycarbonate having a 
€0 specified styrylamine or diarylvinylenearylene skeleton as the repeating unit and an outstanding ability to 
^ maintain a thin film state as compared with organic low-molecular compounds. The element has high luminance, 
^ high light-emitting efficiency and long life and is used in chemical industries to advantage. 
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TECHNICAL FIELD 

The present invention relates to an organic electroluminescence device (hereinafter referred to as an 
organic EL device). More particularly, it relates to an organic EL device sufficiently high in brightness and 
5 luminescence efficiency, capable of emitting EL in the colors range from blue to green , comprising an 
emitting layer or a hole injection layer made of a polycarbonate excellent in an ability to retain a thin film. 

BACKGROUND ART 

10 In recent years. Friend, R. H., et al. have disclosed an organic EL device having a emitting layer 
comprising a polyphenylene vinylene (PPV) as a emitting material (International Disclosure WO90/1 31 48). 
This organic EL device is meant to take the electroluminescence effect by the injection of carriers( holes 
and electrons ) from appropriate injecting electrodes into the conjugated polymer. The inventors have 
enumerated the the characteristic features of the organic EL device as follows: (1) it is stable to oxygen and 

75 moisture, unsusceptible to changes even at high temperatures, (2) the emitting layer is adhesive to an 
underlying electrode and the like, having the resistance to cracks of thermal or mechanical origin, (3) the 
PPV is not liable to recrystallize and (4) the PPV is highly crystallizable and has a high melting point, 
preventing the migration of ions or atoms. 

However, this organic EL device comprises a PPV as a completely conjugated polymer hardly capable 

20 of emitting in blue and having a low fluorescence yield. Friend. R. H.. et al. has made clear that the above 
shortcoming is explained by the low fluorescence yield of the PPV (J, Phys. D20, 1367 (1987) and J. Mol. 
Electronics: 5, 19, (1989)). Said PPV has the fluorescence yield of 1% or less. The electroluminescence 
efficiency (hereinafter referred to as EL efficiency) is lower than the fluorescence yiekJ. and sufficiently high 
brightness cannot be obtained since the fluorescence yield is as low as 1% or less. Furthemnore, thin films 

25 of. PPV can be formed simply by spin-coating a soluble precursor, and heat-treating the above precursor 
tilm. But the optimum conditions of this heat treatment are not an easy matter to determine, liable to permit 
the conjugation of the main chain to have defects causing a decrease of EL efficiency. Thus it is difficult or 
entirely impossible to use a thin film of a conjugated polymer such as polyphenylene vinylene as the 
emitting layer in an organic EL device. 

30 Furthermore, D. Braun et al. have disclosed a device having a emitting layer comprising a thin film 
which is composed of spin coated soluble PPV derivative with a long chain alkoxy substituent group (Appl. 
Phys. Lett. 58, 1982 (1991)). This PPV derivative also has a low fluorescence yield (quantum yield) and thus 
the EL quantum yield is as low as 5 x 10~^ if an in catiiode is used and 10~^ if a Ca cathode is used. The 
color of the EL due to this PPV derivative is limited to orange. 

35 Furthermore, Hosokawa et al. have disclosed an organic EL device having a emitting layer comprising a 
low molecular weight molecule with an arylene vinylene structure (EP No.0373582 and EP No. 0388768, 
etc.). This organic EL device Is capable of emitting EL in greenish blue at a brightness as high as 300cd/m^ 
and having luminescence efficiency of 2.9 lumen/W ieven with the application of meager 5V. They also have 
invented emitting layers made of sul)stances having the similar structures which are capable of not only 

40 emitting EL in blue at a high brightness over lOOOcd/m^ but also emitting EL in a variety of colors range 
from bluish purple to green in sufficientiy high brightness and efficiency. 

TTiese emitting layers are formed by the vapor deposition method. However, the vapor deposition 
method is more time consuming and less productive than the spin coating method. Meanwhile, the vapor 
deposition films of organic low molecular weight substance are liable to recrystallize on account of changes 

45 witii the elapse of time or heat generation incidental to the operations. The recrystallized films no longer 
work as a emitting layer or as a hole injecting layer. The ability to retain thin films is missing in products of 
the vapor deposition method. 

Under the circumstances, the present inventors have made extensive studies with a view to overcoming 
these shortcomings of the prior arts and developing an organic EL device comprising a emitting layer of a 

50 thin film easy to be formed by the spin coating method and capable of emitting EL in the colors range from 
blue to green in sufficiently high brightness even on an application of a low applied voltage. 

DISCLOSURE OF INVENTION 

55 As the result, it has been found that said objects can be achieved to a full extent by using a 
polycarbonate polymer comprising a styrylamine or diarylvrnylene arylene skeleton as the repeating unit 
and having a far better ability to retain thin films than organic low molecular weight substances. The new 
device has much improved luminescence efficiency as compared with the devices comprising the 
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conjugated polymers such as PPV of the related arts. The present invention has been completed on the 

basis of this finding. 

Accordingly, the present invention provides an organic electroluminescence device comprising as an 
emitting material and/or a hole injecting material a polycarbonate containing a repeating unit formed of a 
styrylamine skeleton or a diarylvlnylene arylene skeleton capable of the electroluminescence. Particularly, 
the present invention provides said organic electroluminescence device comprising a polycaritonate 
containing a repeating unit represented by the general formula (I): 



wherein Ar^ to Ar^ are each independently a substituted or unsubstituted arylene group having 6 to 20 
carbon atoms: Ar^ and Ar^ are each independently a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms; and are each independently a hydrogen atom, an alkyl group having 1 to 6 carbon 
atoms or a suk)stituted or unsubstituted aryl group having 6 to 20 carbon atoms wherein the substituent 
groups are an alkyl or alkoxy group having 1 to 10 carbon atoms; and P is an integer of 0 or 1, furthermore, 
the present invention provides said organic electroluminescence device comprising a polycarbonate 
containing a repeating unit (a) represented by the general fonnula (11): 



wherein Ar^ to Ar^, R\ R^ and P are as defined above and R^ is each independently a substituted or 
unsubstituted arylene group having 6 to 20 cartx)n atoms, and a repeating unit (fi) represented by the 
general formula (III): 



- Ar ' - N- Ar^ - C= C~ ArH-N- Ar*^ 
I II I 

At' R2 Ar^ 



(I) 




(II) 





R** 0 



wherein R^ and R^ are each independently a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; 
and Y is a single tiond represented by: 
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10 



IS 



20 



25 



30 



I 

-C- . -0- (oxy) , 

R« 0 
S- (thio), -S- (sulfonyl). 
0 



(cyclohexyl) 



-eCHz 

wherein x is an integer of 2 to 10; and are each independently a hydrogen atom, an alkyi group 
having 1 to 6 carbon atoms or an aryl group having 6 to 10 carbon atoms. Furthermore, the present 
invention provides said organic electroluminescence device comprising a polycarbonate containing a 
repeating unit represented by the general formula (IV): 

- Ar • - N- Ar* - C = CH - Ar' - Cll = C- Ar '-f-N - Ar*>T- 
l . I II 
Ar» R' R« Ar* 



• • (IV) 

wherein R\ R^. P and Ar^ to Ar* are as defined above; Ar^ is each independently a substituted or 
35 unsubstituted arylene group having 6 to 20 carbon atoms wherein the substituent groups are an alkyl or 
alkoxy group having 1 to 10 carbon atoms; a dotted line means an acceptable single- bond linkage, and 
said organic electroluminescence device comprising a polycartx>nate containing a repeating unit (7) 
represented by the general formula (V): wherein Ar^ to Ar^, R\ R^ and P are as defined above; a dotted line 
means an acceptable single-bond linkage and a repeating unit (/3) represented by the general formula (III). 
40 Furthermore, the present invention provides an organic electroluminescence device comprising as 
either or both of a emitting material and a hole injecting material a polycarbonate containing a repeating unit 
A represented by the general formula (IX): 

« -(-0-Ar'-C = CH-Ar''-CH = C-Ar '•-.0- C-)- 

I I . II 

R' R» O 



50 



(IX) 



wherein Ar^ to Ar^° are each independently a substituted or unsubstituted arylene group having 6 to 20 
cart)on atoms represented by: 

55 
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10 



15 



20 



25 



30 



R9 RIO 

wherein and are each independently any of a hydrogen atom, a halogen atom, an alkyi group having 
1 to 6 cart)on atoms or an aryi group having 6 to 12 carbon atoms; Y is a single bond represented by: 

-f 0 — Ar -N - A r C = CII -Ar Cll = C - A r*-^ N- Ar * -^ir- 0 - C V 
^11 II IK 

Ar» R' R* Ar* 0 

• • (V) 



R" 

0-. -S-. -SO2-, -C-, 

R12 




H 




wherein R" and R^^ are each independently a hydrogen atom, a trifluoromethyl group, an allcyl group 
having 1 to 6 cartwn atoms or an aryl group having 6 to 12 cartmn atoms; and s is an integer of 2 to 10 

35 

\/ 

c 



40 



wherein r is an integer of 4 to 10, or 



45 



-fCHa 



wherein s is as defined above and and R^ are each independently an alkyI group having 1 to 6 carbon 
atoms or a sut>stituted or unsubstituted aryl group having 6 to 20 cart)on atoms, preferably a polycarbonate 
having a reduced viscosity of 0.2dl/g as determined in a solution containing the concentration of 0.5g/dl of 
50 the polycart>onate with a methylene chloride as the solvent at 20 *C. Furthermore, the present invention 
provides an organic electroluminescence device comprising as either or both of a emitting material and a 
hole injecting material a polycarbonate copolymer containing a repeiating unit A represented by the general 
fonfnula (IX) and a repeating unit B represented by the general fonnnula PQ: 

55 
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0-(P>-X^O-C-)- . . (X) , 
(R"). (R'M. 0/ 

wherein R^^ and R^* are each Independently a hydrogen atom, a halogen atom, an alkyi group having 1 to 6 
carbon atoms or an aryl group having 6 to 12 carbon atoms; p and q are each independently an Integer of 1 
70 to 4; and X is a single bond represented by: 



75 



30 



35 



I 

R16 




25 wherein R^^ and R^^ are each independently a hydrogen atom, a trifluoromethyl group, an alkyI group 
having 1 to 6 cark)on atoms or an aryl group having 6 to 12 carbon atoms; and s is as defined at)0ve: 



wherein t is an integer of 4 to 10, or 



wherein u is an integer of 2 to 10, preferably a polycarbonate copolymer having a reduced viscosity of 
40 0.2dl/g as determined in a solution containing the concentration of 0.5g/dl of the polycarbonate with a 
methylene chloride as the solvent at 20*C. 

BRIEF DESCRIPTION OF DRAWING 

45 Fig. 1 is a graph showing the results in the measurement of the thickness of a thin film obtained in 
Example 1. 

BEST MODE FOR CARRYING OUT THE INVENTION 

50 In the present Invention, a polycarbonate containing a styrylamlne skeleton or a diarylvinylene arylene 
skeleton having an electroluminescence function is used as either or both of a emitting material or a hole 
injecting material. 

The electroluminescence (EL) function includes the injection function, the transporting function and the 
function of luminescence. For example, a emitting layer is made of a thin film which is formed from a 
55 compound by a known process such as spin coating method, cast method or LB method. This layer shows 
electroluminescent effect, due to (1) the injection function wherein holes can be injected from an anode or a 
hole injecting or transporting layer and at the same time electrons can be injected from a cathode or an 
electron injecting or transporting layer when an electric field Is applied, (2) the transporting function wherein 
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the injected carriers(an electron and a hole) are transported under the electric field and (3) the function of 
luminescence wherein a site for the electron to combine with the hole each other to emit luminescence is 
provided in the emitting layer. 

In the present invention, the styrylamine skeleton represented by the general formula (I) is enumerated 
5 as the site having the above electroluminescence function. A polycarbonate having a styrylamine skeleton 
(1) to be used in the present invention is defined as a polymer formed by connecting the specific 
styrylamine skeletons with a divalent group containing a conjugated system-breaking group represented by: 

10 



75 Thus the conjugation of the styrylamine skeletons is inhibited from extending, and an organic EL device 
comprising the polycartx>nate is capable of emitting EL in colors range from blue to green. 

Furthermore, the polycarbonate having the specific styrylamine skeletons to be used in the present 
invention is excellent in the electroluminescence function and further excellent in the thin film properties. 
Various styrylamine skeletons can be used in the present invention, and an preferred example is a 
20 monovalent or divalent group which is formed by removing hydrogen atoms from a compound containing 
one aromatic tertiary amine in which at least one aromatic ring of the aromatic tertiary amine is substituted 
by at least one arylvinylene group or an arylvinylene arylene vinylene group each having 8 to 22 cairtx)n 
atoms. 

The above aromatic tertiary amine is a compound containing a trivalent nitrogen atom wherein at least 
25 one of 3 cartoon atoms substituted with the nitrogen atom forms a part of a aromatic ring having 4 to 20 
carbon atoms. 

Furthermore, the arylvinylene group is a monovalent group wherein a group (vinylene group) containing 
a carbon-cart>on double bond represented by the general fonnula: 

30 -C=C- 

II 

R' 

35 wherein and are as defined above is connected with an aryl group having 6 to 20 carbon atoms. 
Besides, the arylvinylene arylene vinylene group is a monovalent group formed by connecting said vinylene 
group, an aryl group having 6 to 20 carbon atoms and an arylene group having 6 to 20 cartx)n atoms in the 
order of the aryl group, the vinylene group, the arylene group and the vinylene group. 

Another preferred example is a divalent group which is formed by removing hydrogen atoms from a 

40 compound containing two or three of said aromatic tertiary amine wherein these 2 or 3 aromatic tertiary 
amines are connected each other with said vinylene group or a vinylenearylene vinylene group having 10 to 
22 cart)on atoms. 

Preferred among said styrylamine skeletons are those which connect the divalent group comprising the 

aromatic tertiary amine with the arylenevtnylene group one after another or those which connect the divalent 
45 group comprising the aromatic tertiary amine, the vinylene group and the divalent group comprising the 

aromatic tertiary amine one after another. More preferred styrylamine skeletons are those represented by 

said general formulae (I) and (IV). 

The polycarbonate (1) of the present invention can have various structures. Preferred among them are 

those having the repeating unit (a) represented by the general formula (II) and the repeating unit()3) 
50 represented by the general formula (lll)(polycarbonate A) and those having the repeating unit(7) represented 

by the general formula (V) and the repeating unit [fi) represented by the general formula (111) (polycarbonate 

B). More preferred are the polycarbonates A and B each having a weight average molecular weight of 4,000 

or more. 

In the general formulae (I). (II), (IV) and (V). Ar^ to Ar* and Ar^ are each independently a substituted or 
55 unsubstituted arylene group having 6 to 20 carbon atoms (for example, phenylene group, biphenylene 
group, naphthylene group, terphenylene group, anthranilene group and the like). As the substituent group, 
for example an alkyi group such as methyl group, ethyl group, isopropyl group and t-butyl group and an 
alkoxy group such as methoxy group, ethoxy group, propoxy group and butoxy group are enumerated. Ai^ 
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and Ar^ are each independently a substituted or unsubstituted aryl group having 6 to 20 cartx)n atoms (for 
example, phenyl group, biphenyl group, naphthyl group, terphenyl group and the like). As the substituent 
group, for example an alkyi group such as methyl group, ethyl group, isopropyl group and t-butyl group and 
an alkoxy group such as methoxy group, ethoxy group, propoxy group arid butoxy group are enumerated. 

5 Furthermore, and are each independently a hydrogen atom, an aJkyI group having 1 to 6 carbon 
atoms, a substituted or unsubstituted aryl group having having 6 to 20 cart>on atoms (for example, phenyl 
group, biphenyl group, naphthyl group and the like). As the substituent group, for example an alkyI group 
such as methyl group, ethyl group, isopropyl group and t-butyl group and an alkoxy group such as methoxy 
group, ethoxy group, propoxy group and butoxy group are enumerated. 

10 Meanwhile, the polycarfc)onate (1) to be used in the present invention includes a polycarbonate having a 
styrylamine skeleton as a side chain, besides the polycarbonates A and B. 

The manufacturing method of this polycartx)nates (1) is not particularly limited and it can t>e 
manufactured according to various methods applying known processes mutatis mutandis. Preferably the 
polybark)onate (1) is manufactured by reacting a bisphenol material having a styrylamine skeleton repre- 

15 sented by the general fbnmula (VI): 



HO- Ar ' - N- Ar^ - C= C- ArH-N- Ar^ ^OH 
I'll I 
^ Ar5 Ri R2 Ar' 

• • (IV) 

wherein ArMo Ar^, R\ R^ and P are as defined above or this bisphenol material and a dihydroxy compound 
25 represented by the general formula (VII): 



30 



"O^P)^YhQ--OH • • (VII) 



R-* 



wherein R^. R^ and Y arie as defined above with a carbonate-fpnning compound. 
* Specific examples of the bisphenol material having the styrylamine skeleton include: 

35 



40 



45 



so 



55 
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30 




35 
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^ cn, CD, 

^ CH. CH, 

^ cn. CH, 



c = c 



<Oho/ ^ 



N — ^^CH=CH-^-OH 



N0> 



Examples of the dihydoxy compound are: 
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C H, 
CH, 



C H 



HO- 




C H . 

O H 



HO 




O H 



CH, CH, 



H,C CH 
C H, 

C H 

H.C CH, 



«0-<0>-C-^OH 
6 



HO 



H bC » C H , 



Q-OH . HO^(j-Q-OH 

C H 8 C, 2 H B 
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C t H B C H J 

»0-P>-^-O-0» H 0 -<□>-( CH.).-<0>-OH 
H a C C t H 8 • 



O CH, CH, 

« O ^|-<0>-0 H H 0 -p-i-<^0 H 

0 . H,C CH 

HO^0>-<0>-OH 



Likewise, the polycarbonate (1) can also be manufactured by reacting a bisphenol material having a 
styrylamine skeleton represented by the general formula (VIII): 



110— Ar -N-Ar*— C=CH-Ar'-Cll=C-Ar'-eN-Ar*->T-OII 
I i i I 

Ar» R' R* Ar* 

• • (vm) 



wherein ArMo Ar*, R\ and P are as defined above or this bisphenol material and a dihydroxy compound 
represented by the general formula (VII) with a carit>onate-forming compound. Specific examples of the 
bisphenol material having this styrylamine skeleton include: 
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HO 



^N-0-CH = CH^CH.CH-0-N<^ 



OH 



HO 



<0^ 



N -^-C H = C H -^-C H = C H-Q-O H 



HO 



OH 



HO 



HO 



HO 



N H . C H-<O^C H . C H-OhN <^ 



OH 



OH 



HO 



OH 



CH, 



HO 



^N-<0>-CH = CH-O 
W O^CH = CH 



-N 



OH 
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HO 



10 



IS 



20 



25 



30 



35 



40 



C H, 



HO 



^ N-<0)-C H - C HH0-C H = C H-<O^N <^ 




H O 



^ N -<0^C H - C H-b-C H - C H^N 



OH 




H, 



C H, 



OH 

q^^CH = CH-<P)-CH = CH^^-^ 
CH, Xu 

''"'oh 

^-P-C H C H-^C H = C H-<^-0 

i 



HO 



OH 



C H = C H -<PhO)- C H = C H 

C.H. 



Various carbonate-forming compounds can be used in this process as far as they are those commonly 
used to manufacture polycarbonates. Examples of such carbonate-forming compound include an haloge- 
nated carbonyl such as phosgene, haloformates such as chloroformate compound, a carbonate compound 
and the like. Phosgene is particularly preferable among them. 

50 The polycartx)nate to be used in the present invention can be manufactured by reacting one member or 
two members or more of said bisphenol materials with at least one memt>er of said carisonate-fomning 
compounds, or by reacting one member or two members or moi^e of said dihydroxy compounds and one 
member or two members or more of said bisphenol materials with at least one member of said cartx>nate- 
forming compounds. The ratio (molar ratio) between the repeating units (a) and (0) or that of (7) and ($) can 

55 be adjusted as desired by choosing a proper ratio of the amount of bisphenol materials to the amount of the 
hydroxy compounds. The polycart>onates (1) should contain the repeating units (a) or (7) as the essential 
component but the repeating unit (^) as the optional component and the incorporation of the repeating unit 
(fi) into the polycarbonate (1) may as well be brought down to nothing. The reaction conditions are not 
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particularly Hmited and, for example when a dihalogenated carfoonyl such as phosgene or a haloformate 
such as chioroformate Is used as a carbonate-forming compound, the reaction can be carried out in an 
appropriate solvent In the presence of an acid acceptor (for example, water-soluble alkali metal compound 
such as alkali metal hydroxide and alkali metal carbonate or organic base or the like). Various alkali metal 

5 hydroxides or alkali metal cartx>nates can be used herein, but ordinarily an aqueous sodium hydroxide 
solution, an aqueous potassium hydroxide solution or a aqueous sodium caribonate solution are suitably 
used for the pecuniary reasons. 

The caritx>nate-formlng compounds are used at a ratio which should appropriately be chosen in 
consideration for Its stoichiometric ratio. A gaseous carbonate-forming compound such as phosgene can be 

10 suitably blown into the reaction system. Likewise, the acid acceptors are used at a ratio which should 
appropriately be chosen in consideration for Its stoichiometric ratio. Specifically, 2 equivalents of an acid 
acceptor based on the total number of moles of the bisphenol materials and dihydroxy compounds or 
somewhat greater amount than that are preferably used. 

Various solvents can be used singly or as a mixed solvent herein, as far as they are those commonly 

15 used to manufacture polycart>onates according to known methods. Preferred representative examples of the 
solvent include a hydrocarbon halide such as methylene chloride, a tetrahydrofuran (THF) and the like. 

Furthermore, when this reaction is carried out, a molecular weight modifier (monophenol and the like), 
crosslinking agent(terphenol and the like) or a reaction accelerator (alkylamine and the like) may k>e added 
as desired to adjust the molecular weight, the molecular weight distribution or the reaction rate. 

20 The reaction temperature ordinarily is 0 to 150'C, preferably 0 to 40* C. The reaction can be carried 
out under any of reduced pressure, ordinary pressure or pressurizing but preferably at ordinary pressure or 
at reaction system's own pressure. The reaction time ordinarily is 0.5 minute to 10 hours, preferably 1 
minute to 2 hours. The reaction can be canied out according to any one of the continuous process, the 
semi-continuous method or the batch method. 

25 The so obtained polycarbonates (1) comprise the styrylamine skeletons which are combined one 
another with a divalent group capable of breaking the conjugated system and as the result the EL at the 
longer wavelengtii region is inhibited to provide the luminescence in the colors range from blue to green in 
sufficientiy high brightness. If the blue EL is provided, the luminescence In various cotors such as red, 
orange, green, yellow, white or the like can also be provided by the known methods, for example a dope 

30 method by the use of a fluorescent dye as a dopant into an emitting layer, a method for changing the color 
of EL by the use of a fluorescent film or the like. Moreover, the polycarbonates (1) have an advantage that 
they can be synthesized or easily purified, as compared with polyethers, polyesters, polyacrylates,. 
polymetiiacrylates or conjugated polymers. The polycarbonates (1) In the form of a solution are amenable 
to known film coating methods such as spin coating method, dip coating method, cast method or LB 

35 method, capable of forming an ultra thin film at a thickness range from 10 to 200nm. This ultra thin film is 
free from pinholes and involves no risks of electrical shortclrcuits.. Furthermore, the potycari[)onates (1) are 
easily soluble in said solvents, and even a solution containing 0.01 to 10% by weight of a polycartx)nate (1) 
can be prepared as the preferred material for film making. 

Preferably, the polycartjonate (1) films are prepared by the known spin coating method. It is a very 

40 easy film making method, capable of providing uniform, pinholeiss thin films. The film making solutions are 
prepared preferably with the low boiling point solvents such as benzene, toluene, dichlorometiiane, 
chloroform. tetrahydrofuran(THF) or the like. Those solutions contain the polycaritonates (1) preferably at a 
concentration of 0.5 to 3% by weight. The spin coaters are operated preferably at 2000 to 10000 rpm. or 
5000 to 7000 rpm. if a film at a thickness of 200nm or less is preferred. The foreign materials in a solution 

45 may often be blamed for pinholes after the film is completed and preferably they should be removed by 
means of a filter ahead of time. 

The diarylvinylene arylene skeleton represented by the general formula (IX) is also enumerated as the 
site having the EL function in the present invention. The polycariDonate (2) to be used in the present 
invention is defined as a polymer formed by connecting the specific diarylvinylene arylene skeletons with a 

50 divalent group containing a conjugated system-breaking group represented by: 

- 0 - C - 0 - 

55 

Thus, the polycarbonate having the specific diarylvinylene arylene skeleton to be used in the present 
invention has an excellent EL function and further is excellent in the thin film properties, and an EL device 
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comprising the molecule is capable of emitting EL in blue in sufficiently high brightness. If the blue EL is 
provided, the EL in various colors such as red, orange, green, yellow, white or the like can also be provided 
by the known methods, for example a dope method by the use of a fluorescent dye as a dopant into an 
emitting layer, a method for changing the color of EL by the use of a fluorescent film or the like. 
5 Said specific diaryh^inylene arylene skeleton is included in the repeating unit A represented by the 
general formula (IX). 

The polycarbonate (2) having various structures can be used In the present invention. Preferred among 
them are those which comprise only the repeating unit A or those which comprise the repeating units A and 
the repeating unit B represented by the general formula (X). 

10 in said general formula (IX), Ar^ to Ar^° are each independently a substituted or unsubstituted arylene 
group having 6 to 20 carbon atoms (for example, a phenylene group, a biphenylene group, a naphthylene 
group, a terphenylene group and the like). Examples of the substituent group are an alkyl group such as 
methyl group, ethyl group, isopropyl group and t-butyl group, an alkoxy group such as methoxy group, 
ethoxy group, propoxy group and butoxy group and a cyano group. Furthermore, and are each 

75 independently an alkyl group having 1 to 6 carbon atoms or a substituted or unsubstituted aryl group having 
6 to 20 carit)on atoms (for example, a phenyl group, a biphenyl group, a naphthyl group and the like). 
Examples of the substituent group are an alkyl group such as methyl group, ethyl group, isopropyl group 
and t-butyl group, an alkoxy group such as methoxy group, ethoxy group, propoxy group and butoxy group 
and a cyano group. R^ and R^° are each Independentiy a hydrogen atom, a halogen atom (I, CI, Br. F and 

20 the like), an alkyl group having 1 to 6 carbon atoms and a substituted or unsubstituted aryi group having 6 
to 20 carbon atoms (for example, a phenyl group, a biphenyl group, a naphthyl group and the like). 
Examples of the substituent group are an alkyl group such as methyl group, ethyl group, isopropyl group 
and t-butyl group and an alkoxy group such as methoxy group, ethoxy group, propoxy group and butoxy 
group. R^^ and R^^ ore each independently a hydrogen atom, a trifluoromethyl group, an alkyl group having 

25 1 to 6 carton atoms and a substituted or unsubstituted aryl group having 6 to 12 caribon atoms (for 
. example, a phenyl group, a biphenyl group and the like). Examples of the substituent group are an alkyi 
group such as methyl group, ethyl group, isopropyl group and t-butyl group and an alkoxy group such as 
methoxy group, ethoxy group, propoxy group and butoxy group. 

Furthenmore. r is an integer of 4 to 10, preferably 5 to 7. s is an integer of 2 to 10, preferably 2 to 6. 

30 In said general formula (X), R^^ and R^^ are each independentiy a hydrogen atom, a halogen atom (I, 
CI, Br, F and the like), an alkyl group having 1 to 6 carbon atoms and a substituted or unsubstituted aryl 
; group having 6 to 12 carbon atoms .(for example, a phenyl group, a biphenyl group and the like). Example 
of the substituent group are an alkyl group such as methyl group, ethyl group, isopropyl group and t-butyl 
group and an alkoxy group such as methoxy group, ethoxy group, propoxy group and butoxy group. R^^ 

35 and R^^ are each independently a hydrogen atom, a trifluoromethyl group, an alkyl group having 1 to 6 
cariton atoms and a substituted or unsubstituted aryl group having 6 to 12 carbon atoms (for example, a 
phenyl group, a biphenyl group and the like). Examples of the substituent group are an alkyl group such as 
methyl group, ethyl group, isopropyl group and t-butyl group and an alkoxy group such as methoxy group, 
ethoxy group, propoxy group and butoxy group. 

40 Furthenfnore, t is an integer of 4 to 10, preferably 5 to 7. u is an integer of 2 to 10. preferably 2 to 6. 

TTiis repeating unit A is made of a dihydroxy compound represented by the following general formula 

(Xi): 

HO-Ar'"-C = CH-Ar»-CH = C-Ar'«-OH 



• • (XI) 

50 

wherein Ai^ to Ar^°, R^ and R^ are as defined above. Various dihydroxy compounds can be used in the 
present invention and their specific examples are: 



55 
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H 0-<g>-C = C H-^C H = C -^0 H 

H 0-<g>-C = C H-<gHg>-C H = C -<g^0 H 

CH, 

H OHg>-C = C H-^)-<^C H = CH^O H 
(Q) CH. 

H = C H-'^^C H = ChJ^O H 



HO 



CH = C-<O)-0H 



CH 



H O-^W = C H-^^-^-C H = C -^-O H 

H 0-<g)-^C = C H-<gHg)-C H = C-<©Hg>- 
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C = C H-^-^-C H = C 




HO-<g>-C = CH-^ 



CO) 



H = C H-^^C H = C-^^O H 

1^ © 

H 0-<^-C = C H-<g>-^h-^C H = C-<Ql-0 H 
H O-^-C = C H-^-^-C H = H 



C H 



OCH, 



H 0-^>-C = C H-^-^>-C H = C-<^0 H 

CN CN 

H 0-^QV-C = C H-(0)-C H = C-(O)-0 H 
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H 0-<g)^C = C H-<g)-C H = H 



I 

C H, 
H.CO. 



H 0-(g>-C = C H-^>-<^C H = C-<g^O H 
{Q} OCH,(Q) 

H 0-<g>-C - C H-<g^O)-C H = C-<g)-0 H 
OC.H, 6c.H. 



Moreover, the repeating unit B is made of a dihydroxy compound represented by the following general 
formula pcil): 

HOHp>-Y-<n>-OH • • (XII) 
(R'^P (R'M- 

wherein R^^ rh ^ p gp^j g 3,^^ defined above. A variety of this dihydroxy compound can be used in the 
present invention and their specific examples are: bis (4-hydroxyphenyl) methane; 1, 1-bis (4-hydrox- 
yphenyl) ethane; 1. 2-bis (4-hydroxyphenyl) ethane; 2. 2-bis (4-hydroxyphenyl) propane; 2. 2-bis (3-methyl- 
4-hydroxyphenyl) butane; 2, 2-bis (4-hydroxyphenyl) butane; 2, 2-bis (4-hydroxyphenyl) octane; 4, 4-bis(4- 
hydroxy phenyl) heptane; 4. 4*-dihydroxytetraphenylmethane; 1-phenyl-1, 1-bis (4-hydroxyphenyl) ethane; 1, 

1- bis(4-hydroxyphenyl)-1-phenylmethane; bis (4-hydroxyphenyl) ether; bis (4-hydroxyphenyl) sulfide; bis (4- 
hydroxyphenyl) sulfone; 1,1 -bis (4-hydroxyphenyl) cyclopentane; 1, 1-bis (4-hydroxyphenyl) cyclohexane; 2, 

2- bls (3-methy l-4-hydroxypheny I) propane; 2-(3-methy l-4-hydroxyphenyl)-2-(4-hydroxy pheny l>-1 - 
phenylethane; bis (3-methyl-4-hydroxyphenyl) sulfide; bis (3-methyl-4-hydroxyphenyl)- sulfone; bis (3- 
methyl-4-hydroxy phenyl) methane; 1, 1-bis (3-methyl-4-hydroxy phenyl) cyclohexane; 4, 4*-dihydroxyphenyl; 
2, 2-bis (2-methyl-4-hydroxyphenyl) propane; 1, 1-bis (2-butyl-4-hydroxy-5-methyIphenyl) butane; 1, 1-bis(2- 
tert-butyl-4-hydroxy-3-methylphenyl) ethane; 1. 1-bis (2-tert-butyI-4-hydroxy-5-methylphenyl) propane; 1, 1- 
bls (2-tert-butyl-4-hydroxy-5-methylphenyl) butane; 1, 1-bls (2'-tert-butyM-hydroxy-5-methylphenyl) 
isobutane; 1. 1-bis (2-tert-butyl-4-hydroxy-5-methylphenyl) heptane; 1, 1-bls (2-tert-butyl-4-hydroxy-5- 
methylphenyl)-1-phenylmethane; 1, 1-bis (2-tert-amyl-4-hydroxy-5-methylphenyl) butane; bis (3-chloro-4- 
hydroxyphenyl) methane; bis (3, 5-dibromo-4-hydroxyphenyl) methane; 2, 2-bis (3-chloro-4-hydroxyphenyl) 
propane; 2, 2-bis (3-fluoro-4-hydroxyphenyl) propane; 2. 2-bis (3-bromo-4-hydroxyphenyi) propane; 2, 2-bis 
(3. 5-difiuoro-4-hydroxyphehyl) propane; 2, 2-bis (3. 5-dlchloro-4-hydroxyphenyl) propane; 2. 2-bis (3, 5- 
dibromo-4-hydroxyphenyl) propane; 2, 2-bls (3-bromo-4-hydroxy-5-ch!orophenyl) propane; 2. 2-bis (3, 5- 
dichloro-4-hydroxyphenyl) butane; 2, 2-bls (3, 5-dibromo-4-hydroxyphenyl) butane; 1-phenyl-1, 1-bis (3- 
fluoro-4-hydroxyphenyl) ethane; bis (3-fluoro-4-hydroxyphenyl) ether; 4, 4'-dihydroxybiphenyl; 3, 3'-difluoro- 
4, 4'-dihydroxybiphenyl; 1, 1-bis (3-cyclohexyl-4-hydroxyphenyl) cyclohexane; 2, 2-bis (4-hydroxyphenyl) 
hexafluoropropane; 2, 2-bis (3-phenyl-4-hydroxyphenyl) propane; 1. 1-bis (3-phenyl-4-hydroxyphenyl) 
cyclohexane;- bis (3-phenyl-4-hydroxyphenyl) sulfone; 1, 1-bis (4-hydroxyphehyI)-1 , 1-diphenylmethane. 
Preferred among them are 2. 2-bis(4-hydroxypheny!) propane; 4, 4'-dihydroxytetraphenylmethane; 1-phenyl- 

1, 1-bis (4-hydroxyphenyl) ethane; bis (4-hydroxyphenyl) sulfone; 1, 1-bis (4-hydroxyphenyl) cyclohexane; 

2, 2-bis (3-methyl-4-hydroxyphenyl) propane; 4, 4'-dihydroxybipheny); and 2, 2-bis (3-phenyl-4-hydrox- 
yphenyl) propane. 

The so obtained polycarbonate (2) has a reduced viscosity (ij sp/c) of 0.2dl/g or more (soh/ent: 
methylene chloride, concentration: 0,5g/dl. 20 'C), preferably 0.2 to 2.5dl/g. If it is less than 0.2. the 
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mechanical strength Is insufficiently low. 

The polycarbonates (2) to be used in the present invention are not particularly limited relative to their 
manufacturing method and can be manufactured according to various methods developed by applying 
known processes mutatis mutandis. A prefenred method is to react a dihydroxy compound having the 

5 diarylvinylene arylene skeletons represented by said general formula (XI) or this dihydroxy compound and a 
dihydroxy compound represented by said general formula p(ll) with a carbonate-forming compound. 

In this manufacturing method, various carbonate-forming compounds can be used as far as they are 
those commonly used to manufacture ordinary types of polycart>bnates. Their examples are a dihalogenat- 
ed carbonyl such as phosgene, haloformates such as chloroformate compound, a cart>onate compound and 

10 the like. Preferred among them is the phosgene. 

The polycarbonate (2) to be used in the present invention can be manufactured by reacting, for 
example one member or two members or more of the dihydroxy compounds represented by said general 
formula QQ) with at least one member of said carbonate-forming compounds or reacting one member or two 
members or more of the dihydroxy compounds represented by said general formula pCI) and one member 

75 or two members or more of the dihydroxy compound represented by said general formula (XII) with at least 
one member of said carbonate-forming compounds. As used herein, the ratio (molar ratio) between the 
repeating units A and B can be adjusted as desired by choosing a proper ratio of the amount of the 
dihydroxy compound represented by the general formula (XI) to the amount of the dihydroxy compound 
represented by the general formula (XII). The polycarbonate (2) to be used In the present Invention contains 

20 the repeating unit A having the diarylvinylene arylene skeleton as the essential component, ordinarily at a 
content of 1 to 100 mole%, preferably 10 to 80 mole%. 

The reaction conditions are not partlculariy limited. For example, when a dihalogenated carbonyl such 
as phosgene or a haloformate such as chloroformate is used as the carbonate-forming compound, the 
reaction can be carried out in an appropriate solvent in the presence of an acid acceptor (for example, a 

25 water-soluble alkali metal compound such as alkali metal hydroxide and alkali metal cariDonate, an organic 
base and the like). Various alkali metal hydroxides or alkali metal cart)onates can be used herein but 
ordinarily an aqueous sodium hydroxide solution, an aqueous potassium hydroxide solution, an aqueous 
sodium cartx)nate solution, an aqueous potassium carbonate solution and the like are suitably used for the 
pecuniary reasons. 

30 Furthermore, said carbonate-forming compounds are used at a ratio optionally chosen in consideration 
for the stoichiometric ratio of the reaction. When a gaseous carbonate-forming compound such as phosgene 
Is used. It can be suitably blown Into the reaction system. Likewise, said acid acceptor Is used at a ratio 
optionally chosen in consideration for the stoichiometric ratio of the reaction. Specifically, two equivalents of 
said acid acceptor based on the total number of moles of tiie dihydroxy compounds represented by the 

35 general formulae (XI) and (XII) or a somewhat greater amount than that are preferably used. 

Furthermore, various solvents as commonly used to make known polycarbonates can be used singly or 
in the form of a mixed solvent. Their preferred representative examples are a hydrocarbon halide such as 
methylene chloride, a tetrahydrofuran (THF) and the like. 

To this reaction system, a molecular weight modifier (monophenol and the like), crosslinking agent- 

40 (terphenoi and the like) or a reaction accelerator (alkylamine and the like) can be added to adjust the 
molecular weight, tiie molecular weight distribution or the rate of reaction. 

The reaction temperatures are ordinarily 0 to 150* C, preferably 0 to 40* C. The reaction can be carried 
out under any of reduced pressure, atmospheric pressure or pressurizing but ordinarily at atmospheric 
pressure or the reaction system's own pressure or the other one close to it. The reaction time is ordinarily 

45 0.5 minutes to 10 hours, preferably 1 minute to 2 hours. The reaction can be carried out according to any of 
the continuous process, the semi-continuous process or the batch method. 

The polycarbonates (1) or (2) as described above are a polymer combining the styrylamlne or 
diarylvinylene arylene skeleton each having the EL function witii the dihydroxy compound. The thin films 
made from these polycarbonates are excellent in the EL function and further have much improved film 

50 properties and thermostability, unsusceptible to the breakage on account of the crystallization and the like 
and hardly liable to change witii the elapse of time. Furthenmore, practically no foreign substances are 
incorporated into these polycarbonates during the polymerization processes and they are easy to purity, as 
compared with other polymers, for example polyether, polyester, polyacrylate, polymethacrylate or con- 
jugated polymer. The polycarbonates of the present invention are very suitable for the fields of use wherein 

55 organic substances of a high purity are required. 

The polycarbonates having such an ability to retain a thin film can be used as either or both of the 
emitting layer and hole injection layer in the organic EL devices. In the organic EL devices, when a 
polycarbonate is used as the hole Injection layer, the polycarbonate layer does not provide the elec- 
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troluminescence. On the other hand, when it is used as the emitting layer, the electroluminescence is 
obtained from the polycart)onate layer. This is explained, as follows: an electron injecting layer is composed 
of a compound having the hole barrier properties which do not permit the passage of holes fonwarded from 
the side of an anode. This electron injecting layer is situated between a polycartx)nate layer and a cathode, 

5 the holes are accumulated in the emitting layer comprising said polycarit)onate layer. The so accumulated 
holes are combined with the electrons fed from the electron injecting layer to provide the elec- 
troluminescence. On the other hand, in a laminate of said polycart>onate with a fluorescent, electron 
transfem'ng compound having no hole barrier properties, said polycarix>nate Is the hole Injecting layer and 
said laminated compound is the emitting layer. Thus, the polycarbonates of the present invention can 

10 optionally be used either as the emitting layer or as the hole injecting layer. In other words, they can be 
either an emitting material having the electroluminescence function or a hole injecting material (hole 
transferring compound). 

An electron transferring compound represented by the general formulae poil) or pCfV): 

Ar" -Xq^- Ar'* . . (XIII) 

20 

• • (XIV) 

25 

wherein Ar^^ to Ar^^ and Ar^^ are each independently a substituted or unsubstituted aryl group and Ar^^ is a 
substituted or unsubstituted arylene group can be preferably used as said electron injection layer having the 
hole t>arrier properties. Examples of the aryl group are a phenyl group, a naphthyl group, a biphenyl group, 
an anthranyl group, a perylenyl group, a pyrenyl group and the like. Examples of the arylene group are a 
30 phenylene group, a naphthylene group, a biphenylene group, an anthracenylene group, a perylenylene 
group, a pyrenylene group, and the like. Examples of the substituent group are an alfcyl group having 1 to 
10 carbon atoms, an alkoxy group having: 1 to 10 cart>on atoms, a cyano group and the like. The 
compounds represented by these general fonmulae (XIII) or pciV) preferably have the thin film-forming 
properties. 

35 Specific examples of the compounds represented by the general fomnulae (XIII) or (XIV) are: 



40 
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N — N 



<OKoXOHO-C(CH.). • (PBD). 



N — N N — N 



N— N 



N— N 



o o 




(i-Bu :-tci-tia.hy fcut//> 





The EL devices of the present invention are made in various ways. Basically, however, an EL device 
has an emitting layer situated between a pair of electrodes (an anode and a cathode), optionally 
interspersing a hole injection or transporting layer (a hole injecting layer) and an electron Injecting or 
transporting layer (an electron injecting layer). The specific examples thereof are a device comprising (1) an 
anode, an emitting layer and a cathode, (2) an anode, a hole injecting or transporting layer, an emitting 
layer and a cathode. (3) an anode, a hole injecting or transporting layer, an emitting layer, an electron 
injecting or transporting layer and a cathode and (4) an anode, a luminescence layer, an electron injecting 
or transporting layer and a cathode. 

The hole injecting or transporting layer or the electron injecting or transporting layer are not always 
necessary but the devices having these two are capable of providing much better EL performance. 

Furthermore, it is preferable that all the devices made in said ways should be supported on substrates. 
The substrates are not particularly limited for what they are made from. Preferable are substrates made of 
materials conventionally used in the organic EL devices, for example glass, transparent plastics, quartz and 
the like. 

The anode for the organic EL device of the present invention preferably is those made of the electrode 
materials having a high work function (4eV or more), such as metal, alloy, electrically conductive compound 
or their mixture. Specific examples of the electrode material are a metal such as Au and an conductive. 
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transparent material such as Cu, I, ITO Sn02 and ZnO. Said anodes are made by forming films from tfiese 
electrode materials by the vapor dep)osition process, sputtering process or the like. Preferably the 
electrodes have a transmittance of 10% or more and a resistance of sheet of several hundredQ/a at the 
most in order to pick up the EL from these electrodes. The thickness of films depends upon materials but is 

5 preferably in a range of lOnm to lum, more preferably 50 to ISOnm. 

On the other hand, the cathodes are made from the electrode materials having a low work function (4eV 
or less), such as metal, alloy, electrically conductive compound or their mixture. 

Specific examples of the electrode material are a sodium, a sodium-potassium alloy, a magnesium, a 
lithium, a magnesium-copper mixture, an AI-AIQz, an indium, a rare earth metal and the like. The cathodes 

10 are made by forming thin films from these electrode materials according to the vapor deposition process, 
the sputtering process or the like. Preferably, the electrodes have a resistance of sheet of several hundred 
Q/b or less and comprise a film having a thickness in a range of ordinarily lOnm to mm. preferably 50 to 
200nm. Although this is not provided for in the present invention, either anode or cathode is preferably 
transparent or translucent so that the EL is transmitted and picked up in high efficiency. 

76 The hoie transferring compounds to be used in the hole injecting or transporting layers are situated 
between 2 electrodes applied with the electric field, capable of transferring the holes to the emitting layer 
properly after the holes are injected from the anode. Preferably they have a hole mobility of, for example at 
least 10"®cm2/v .sec. when an electric field of 10*-10^V/cm is applied. 

These hole transfenring compounds are not particulariy limited, except that they should have the 

20 prefenred property as described above. Any compound can t>e used as the hole transferring compound, 
selected from the polycarbonates of the present invention, the photoconductive materials conventionally 
used as the hole transferring material and the known compounds commonly used as the hole injecting or 
transporting layers of the EL devices. 

Examples of the hole transfemng material are the triazole derivatives (US Patent No. 3,112,197), the 

25 oxadiazole derivatives (US Patent No. 3,189,447), tiie Imidazole derivatives (Japanese Patent Publication 
No. 16096/1962). the polyarylalkane derivatives (US Patent Nos. 3.615,402, 3,820,989 and 3.542.544; 
Japanese Patent Publication Nos. 555/1970 and 10983/1976; and Japanese Patent Application Laid-Open 
Nos. 93224/1976. 17105/1980. 4148/1981. 108667/1980, 156953/1980 and 36656/1981. etc.). the pyrazoline 
derivatives and pyrazolone derivatives (US Patent Nos. 3.180,729 and 4,278,746; and Japanese Patent 

30 Application Uid-Open Nos. 88064/1980, 88065/1980, 105537/1974, 51086/1980. 80051/1981, 88141/1981. 
45545/1982. 112637/1979, 74546/1970, etc.). the phenylenediamine derivatives (US Patent No. 3.615.404; 
and Japanese Patent Publication Nos. 10105/1976, 3712/1971 and 25336/1972; and Japanese Patent 
Application Laid-Open Nos. 53435/1979, 110536/1979 and 119925/1979. etc.). the arylamine derivatives (US 
Patent Nos. 3,567,450, 3.180,703. 3.240,597. 3.658.520. 4.232.103. 4.175.961 and 4.012.376; Japanese 

35 Patent Publication Nos. 35702/1974 and 27577/1964; Japanese Patent Application Laid-Open Nos. 
144250/1980. 119132/1981 and 22437/1981; and Gemnan Patent No. 1,110,518, etc.), ttie amino-substituted 
chalcone derivatives (US Patent No. 3,526,501, etc.), the oxazole derivatives (US Patent No. 3,257,203, 
etc.), the slyrylantiiracene derivatives (Japanese Patent Application L^id-Open No. 46234/1981, etc.), the 
fluorenone derivatives (Japanese Patent Application Laid-Open No. 110837/1979). the hydrazone derivatives 

40 (US Patent No. 3.717,462; and Japanese Patent Application Laid-Open Nos. 59143/1979. 52063/1980, 
52064/1980, 46760/1980, 85495/1980, 11350/1982 and 148749/1982, etc.) and the stilbene derivatives 
(Japanese Patent Application Uid-Open Nos. 210363/1986, 228451/1986, 14642/1986. 72255/1986. 
47646/1987. 36674/1987. 10652/1987. 30255/1987, 93445/1985, 94462/1985, 174749/1985 and 
175052/1985, etc.). 

45 in tiie present invention these compounds can be used as the hole transferring compound, but it is 
preferred to use the porphyrin compounds as set forth below (Japanese Patent Application Laid-Open No. 
2956965/1988, etc.), the aromatic tertiary amine compounds and the styrylamine compounds (US Patent 
No. 4.127.412; and Japanese Patent Application Laid-Open Nos. 27033/1978, 58445/1979. 149634/1979. 
64299/1979, 79450/1980, 144250/1980, 119132/1981, 295558/1986. 98353/1986 and 295659/1988). More 

50 preferable among tiiem are the aromatic tertiary amine compounds. 

Representative examples of the porphyrin compound are porphyrin, 1,10,15,20-tetraphenyl-21H. 23H- 
porphyrin copper (II). 1, 10, 15, 20-tetraphenyl21H, 23H-porphyrin zinc (II); 5. 10. 15, 20-tetrakis 
(pentafluorophenyl)-21 H. 23H-porphyrin. siliconphthalocyanine oxide, aluminum phthalocyanine chloride, 
phthalbcyanine (nonmetai). dilithium phthalocyanine. copper tetramethylphthalocyanine. copper 

55 phthalocyanine, chrome phthalocyanine, zinc phthalocyanine, lead phthalocyanine, titanium phthalocyanine 
oxide, magnesium phthalocyanine and copper octamethylphthalocyanine. 

Representative examples of the aromatic tertiary amine compound and those of styrylamine compound 
are N, N, N', N'-tetraphenyl-4, 4'-diaminophenyl, N, N'-diphenyl-N, N*-di(3-mettilphenyl)-4, 4'-dia- 
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minobiphenyl, 2. 2-bis(4-di-f>-tolyIaminophenyl) propane. 1. 1-bis(4<Ji-p-tolylaminophenyl)cyclohexane, N, N, 
N'. N'-tetra-p-tolyl-4, 4*-diaminophenyl. 1. 1-bis(4-di-p-tolylaminophenyl)-4-phenylcyclohexane, bis(4- 
dimethylamlno-2-m8thylphenyl)phenylmethane, bis(4-di-p-tolylaminophenyl) phenylmethane, N. N"-diphenyl- 
N. N'-di(4-methoxyphenyl)-4» 4*-diaminobiphenyl, N, N, N\ N'-tetraphenyl-4, 4'-diamincxliphenylether, 4, 4 - 
bis(diphenylamino) quadriphenyl. N, N, N-tri(p-tolyl) amine. 4-(dj-p-tolylamino)-4*- [4(di-p-tolylamino)slyryl] 
stilbene. 4-N. N-diphenylamino(2-diphenylvinyl) benzene, 3-m6thoxy-4'-N. N-di phenylaminostilbenezene. 
N-phenylcarbazole and the like. 

Tlie hole injecting or transporting layers in the EL devices of the present invention may be made of a 
single layer comprising one member or two members or more of these hole transferring compounds or a 
laminate combining the above layer with a hole injecting or transporting layer comprising other compounds. 

On the other hand, the electron injecting or transporting layers in an EL device having the structure (3) 
as described above comprise an electron transferring compound, having the function of transporting the 
injected electrons from the cathode to the luminescence layer. These electron transfening compounds are 
not particularly limited. Any compound can be used for them, selected from among known substances. 

Prefenred examples of the electron transferring compound are the thiopyran dioxide derivatives 
represented by: 

n 0 

the diphenylquinone derivatives represented by: 



NC CN 

A 

0 0 



(Polymer Preprints, Japan, Vol. 37, No. 3, p. 681 (1988), etc.), or those compounds represented by: 

t-Bu t-Bu 



t-Bu \-Bu 



( J. J. Appl. Phys., Vol. 27, L269(1988), etc.). the anthraquinodimethane derivatives (Japanese Patent 
Application Laid-Open Nos. 149259/1982, 55450/1983, 225151/1986. 233750/1986. 104061/1988. etc.), the 
fluorenylidenemethane derivatives (Japanese Patent Application Laid-Open Nos. 69657/1985, 143764/1986. 
148159/1986, etc.). the anthrone derivatives (Japanese Patent Application Laid-Open Nos. 225151/1986 and 
233750/1986. etc.) 
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10 



15 





and the oxadiazole derivatives (Appl. Phys. Lett., Vol. 55. p. 1489 (1989)). Most preferred among them are 
the compounds having the hole barrier properties for use In the electron injecting layer, as represented by 
the general formulae pcill) or POV). 

20 Now the preferred processes for preparing organic EL devices of the present invention will be 
descrit)ed with reference to the device of each structure as set forth above. An EL device comprising an 
anode, an emitting layer and a cathode is prepared as follows: At first, an anode is prepared by forming a 
thin film at a thickness of 1 um or less, preferably in a range from 10 to 200nm on an appropriate sut>strate. 
The film is made from a desired electrode material, for example a substance for anode by the sputtering 

25 method or the like. Then, an emitting layer is laid on this anode by forming a thin film from a compound of 
the emitting material. The films can be made from said emitting material by the spin coating process, the 
cast process, the LB process or the vapor deposition method, but the spin coating process is preferably 
used to obtain films which are uniform, without pinholes. After the emitting layer is fonmed, a cathode is laid 
thereon by forming a film at a thickness of 1 urn or |ess, preferably in a range from 50 to 200nm from a 

30 material for cathode, for example by the vapor deposition process, the sputtering process or the like. In this 
way, the desired organic EL device is obtained. Meanwhile, it is quite acceptable as well to make the 
organic EL device by following the above steps in the reverse order or in the order of the cathode,, the 
emitting layer and the anode. 

Then, an EL device comprising an anode, a hole injecting or transporting layer, an emitting layer and a 

35 cathode is made as follows: at first, the anode is prepared by repeating the procedure of the above EL 
device. Then, the hole injectjng or transporting layer is laid on the anode by forming the film from a hole 
transferring compound by the spin coating process or the like. The film forming conditions of the emitting 
material as described above should be applied mutatis mutandis to this step. 

Thereafter, the emitting layer and the cathode are laid one by one on the hole injecting or transporting 

40 layer by repeating the procedure of the above EL device to obtain the desired EL device. Meanwhile, it is 
acceptable as well to reverse the order of steps and proceed in the order of the cathode, the emitting layer, 
the hole injecting or transporting layer and the anode to prepare this EL device. 

Furthemnore, an EL device comprising an anode, a hole injecting or transporting layer, an emitting 
layer, an electron injecting or transporting layer and a cathode is prepared as follows: At first, the anode, the 

45 hole injecting or transporting layer and the emitting layer are laid one after another by repeating the 
procedures of the at>ove EL devices. Then, the electron injecting or transporting layer is spread over this 
emitting layer by forming a thin film from an electron transferring compound according to the spin coating 
process or the like, followed by the cathode prepared In the same way as in the above EL device to obtain 
the desired EL device. 

so Meanwhile, it is quite acceptable to reverse the order of steF>s and proceed in the order of the cathode, 
the electron injecting or transporting layer, the luminescence layer, the hole Injecting or transporting layer 
and the anode to prepare this EL device. 

Now the so obtained organic EL device of the present invention is applied with a DC voltage, as follows: 
with the anode having the polarity ( + ) and the cathode having the polarity (-), the voltage of about 1 to 30V 

55 is applied, resulting in a finding that tiie electroluminescence is provided on the side of a transparent or 
translucent electrode. If the voltage is applied with the electrode polarities arranged In the other way. there 
is no passage of the electric current, nor is the EL obtained. Furthermore, if an AC voltage is applied, there 
is provided the EL only when the anode is ( + ) and the cathode (-). Meanwhile, the AC voltage having any 
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waveforms is acceptable to apply. 

Next, the present invention will now be described in detail with reference to the reference examples, the 
synthesis examples and the examples. 

5 Synthesis Example 1: 

A 1 liter flask was charged with a solution dissolving 66.5g (0.125mole) of a bisphenol compound having 
a styrylamine skeleton represented by the following structural formula: 
Structural Formula 



10 



IS 




20 



25 



30 



35 



and 33.5g (0.125mole) of a 1, 1-bis (4-hydroxypheny)) cyclohexane in 600ml of a 3N aqueous sodium 
hydroxide solution and 250ml of a methylene chloride. The reaction solution was vigorously stirred while the 
temperature of the solution was maintained in the neighborhood of 10 *C with the external cooling and 
phosgene was blown thereinto at a rate of 340ml per minute for 30 minutes. 

Thereafter, stirring was continued for 1 hour to complete the polymerization. After the reaction, 500ml of 
a methylene chloride was added to dilute the organic layer. The diluted organic layer was washed with 
water, diluted hydrochloride acid and water in this order, and the resultant mixture was introduced into a 
methanol to obtain a polycarbonate. 

This polycarbonate was found to have a reduced viscosity hsf/c] of 0.85dl/g as determined In a solution 
having a concentration of 0.5g/dl the polycarbonate with the methylene chloride as a solvent at 20 •C. The 
mean molecular weight (Mw) of this polycarbonate was determined by the gel permeation chromatography 
(GPC). with the resultant finding of 35000. 

The structure and composition of this polymer were, analyzed with the spectrum each ot the proton 
nuclear magnetic resonance ^H-NMR), the infrared absorption <1R) and the mass spectrometry (MS) and as 
the result it was found that the polymer was a polycartx>nate copolymer comprising the following repeating 
unit and composition: 



40 



N^9 = 




50 




Synthesis Example 2: 

A polycarbonate was obtained by repeating the procedure of the Synthesis Example 1, except that 
75.8g (0.2mol) of a bisphenol compound having a styrylamine skeleton represented by the following 
structural formula: 



26 



25 



30 



35 



40 



45 



EP 0 557 534 A1 

Structural Formula 



0^ N-<Ok C H = C H-<P>-0 H 

10 pane in place of 1, 1-bts(4-hydroxyphenyl) cyclohexane were used. 

This polycartx)nat8 was found to have a hsp/c] of 0.92dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycart)onate with the methylene chloride as a solvent at 20 * C. The Mw of 
this polymer was determined by the GPC, with the resultant finding of 38000. 

The structure and composition of the polymer were analyzed with the spectrum each of the ^H-NMR, 
75 the IR and the MS, resulting in a finding that the polymer was a polycart>onate copolymer comprising the 
following repeating unit and composition: 

^\n-0-C H= C H-©KO - g 





H sC C H 3 C H 3 




Synthesis Example 3: 

A polycarbonate was obtained by repeating the procedure of thQ Synthesis Example 1, except that 
20.4g (0.05mol) of a bisphenol compound having a styrylamine skeleton represented by the following 
structural formula: 
Structural Formula 

"°"^N-<OKC = C^OH 

CH3 CHa 



and 70.4g (0.20mole) of a 1, 1-bis{4-hydroxyphenyI>-1. iKliphenylmethane in place of 1, 1-bis(4-hydrox- 
50 yphenyl) cyclohexane were used. 

This polycarbonate was found to have a bsp/c] of 0.78dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycart>onate with the methylene chloride as a solvent at 20*C. Tfie Mw of 
this polymer was determined by the GPC, with the resultant finding of 30000. 

The structure and composition of the polymer were analyzed with the spectrum each of the ^H-NMR, 
55 the IR and the MS, resulting in a finding that the polymer was a polycarbonate copolymer comprising the 
following repeating unit and composition: 
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CHa CHs 



10 



O O /o.8 



IS 



Synthesis Example 4: 

20 A polycarbonate was ot>tained by repeating the procedure of Synthesis Example 1, except that 71.75g 
(0.125mole) of a bisphenol compound having a styrylamine skeleton represented by the following structural 
formula: 

Structural Formula 



25 



30 



and 28.5g (0.125mole) of a 2, 2-bis(4-hydroxyphenyl) propane in place of 1, 1-bis(4'hydroxyphenyl) 
cyclohexane were used 

35 This polycarbonate was found to have a hsp/c] of 0.77dl/g as determined In a solution having a 
cpncentratlon of 0.5g/dl of the polycarbonate with the methylene chloride as a solvent at 20*C. The Mw of 
this polymer was determined by the GPC. with the resultant finding of 32000. 

The structure and composition of the polymer were analyzed with the spectrum each of the ^H-NMR, 
the IR and the MS. resulting in a finding that the polymer was a polycarbonate copolymer comprising the 

40 following repeating unit and composition: 



45 



50 




CH, CH« 




55 



(C H 
CHa 0 /0.5 
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10 



Synthesis Example 5: 

A polycarbonate was obtained by repeating the procedure of the Synthesis' Example 1, except that 
139.6g (O^Omole) of a bisphenol compound having a styrylamine skeleton represented by the following 
structural formula: 
Structural Formula 




IS 

and 13.4g (O.OSmole) of a 1, 1-bis(4-hydrpxyphenyl) cyclohexane were used.This polycart)onate was found 
to have a hsp/c] of 0.61 dl/g as determined in a solution having a concentration of 0.5g/dl of tlie 
polycai1x>nate with the methylene chloride as a sohfent at 20*C. The Mw of this polymer also was 
20 determined by the GPC, with the resultant finding of 25000. 

The structure and composition of the polymer were analyzed with the spectrum each of the ^H-NMR, 
the IR and the MS. resulting in a finding that the polymer was a polycarbonate copolymer comprising the 
following repeating unit and composition: 



25 



30 





35 




40 



Synthesis Example 6: 



A polycart>onate was obtained by repeating the procedure of the Synthesis Example 1 , except that 
27.3g (O.OSmole) of a bisphenol compound having a styrylamine skeleton represented by the following 
45 structural formula: 
Structural Formula 



50 



55 



and 70.4g (0.20mole) of a 1. 1-bis(4-hydroxyphenyl)-1, 1-diphenylmethane in place of 1, l-bis(4-hydrox- 

yphenyl) cyclohexane were used. This polycarbonate was found to have a [i?sp/c] of 0.57dl/g as determined 
in a solution having a concentration of 0.5g/dl of the polycarbonate with the methylene chloride as a solvent 
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5 



10 



75 



20 



30 



35 



at 20*C. The Mw of this polymer was determined by the GPC, with the resultant finding of 24000. 

The structure and composition of the polymer were analyzed with the spectrum each of the ^H-NMR, 
the IR and the MS. resulting in a finding that the polymer wais a polycart>onate copolymer comprising the 
following repeating unit and composition: 

-fo^T-C^o-c 





Synthesis Example 7: 

25 A polycartX)nat6 was obtained by repeating the procedure of the Synthesis Example 1, except that 
. I09.2g (0.20mole) of a bisphenol compound having a styrylamine skeleton represented by the following 
structural formula: 



Structural Formula 



H 



^n^ch-chhO^n/^ 



and 12.8g (0.05mole) of a 2, 2-bis(3-methyl-4-hydroxyphenyl) propane In place of 1, 1-t>is(4-hydroxyphenyl) 
cyclohexane were used. 

40 This polycarbonate was found to have a [i/sp/c] of 0.68dl/g as determined In a solution having a 
concentration of 0.5g/dl of the polycartK)nate with the methylene chloride as a solvent at 20*C. The Mw of 
this polymer was determined by the GPC, with the resultant finding of 29000. 

The the structure and composition of the polymer were analyzed with the spectrum each of the ^H- 
NMR, the IR and the MS. resulting in a finding that the polymer was a polycart>onate copolymer comprising 

45 the following repeating unit and composition: 



50 
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II 

/0.23 



Example 1: 

20 A transparent supporting substrate was provided in the form of a 25mmx75mmx1.1mm glass substrate 
over which a film having a thickness of 100nm was formed from an ITO by the vapor deposition method 
(supplied by HOYA Co.. Ltd.). Previously this substrate was ultrasonically cleaned in an isopropyl alcohol, 
dried by bk)wing nitrogen gas and further washed in UV ozone (UV300 supplied by Samoo International) for 
8 minutes. 

25 An emitting layer was laid on this transparent supporting substrate by coating a 0.9wt.% solution 
obtained by dissolving 200mg of the polycarbonate of Synthesis Example 7 in 20g of a dichloromethane by 
the spin coating method. This spin coating was carried out in 7000rpm for 50 seconds, resulting in a film at 
a thickness of 600 ± lOOA'i (surface profile detector: DEKTAK 3030, supplied by Sloan Co.). 

Then, the transparent supporting substrate was set to the substrate holder of a commercially available 

30 vapor deposition system (supplied by Nihon Vacuum Technique Co.. Ltd.) having 3 resistance heating 
boats. 

PBD(200mg) as the electron injecting .material was placed in one boat, magnesium(2g) in another boat 
and a silver(200mg) In still another boat and the vacuum chamt>er was depressurlzed to 2x10~^Pa. 
Thereafter, the boat containing PBD was heated to deposit the PBD at a deposition rate of 0.3 to 0.5nm/sec. 
35 and provide an electron injecting layer at a thickness of 20nm on the transparent supporting substrate. In 
this process the substrate was maintained at room temperature. 

Thereafter, the boat containing the magnesium and the boat containing the silver were electrified 
simultaneously to deposit them while keeping tfie ratio of one deposition rate to another deposition rate 
(magnesium : silver) at 1:7 to 1:10. Thus, obtained was an opposed electrode comprising the magnesium 
40 and silver which were deposited at a thickness of 120nm (the thickness of the film was detected by a quartz 
oscillator sensor). In this way. the desired organic EL device was completed. 

Then, the so obtained organic EL device was applied at a DC voltage of 6V. resulting in the passage of 
an electric current of approximately 136mA/cm^ to emit EL in Purplish Blue as determined by the 
chromaticlty coodinates. The peak was at 460nm as determined by the spectrometry and the brightness 
45 was 120cd/cm2. 

In Rg. 1, it is shown that there is no polycart)onate layer in a portion of the curve up to OA of the 
ordinate axis. The thickness of the polycartx>nate layer is shown by the magnitude of the rise in the curve 
close to 220 um of the abscissa axis. TTie thickness deviation of lOOA from 600A shows that this ultra thin 
film has an excellent flatness. 

50 

Reference Example 1: 

A sulfonate represented by the following structural formula: 
Structural Fomiula 

55 

*1: The film was examined by an optical microscope 6 months later, with the resultant finding that no 
recognizable crystallization was present and the film remained as it should be. 



70 




CH, CH: 



C H 



c 
II 



IK 



CHa O /0.77 
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<P)-CH2P(C2H5)2 



was dissolved in 20ml of a dimethyl sulfoxide (DMSO) in an atmosphere of argon gas and I.Og of a 
potassium-t-butoxide (t-BuOK) was added thereto. Then.' a compound represented by the following struc- 
tural formula: 
10 Structural Formula 



75 




20 was added thereto and the resultant mixture was stirred for 5 hours. 100ml of a methanol was added to the 
so obtained reaction product and a yellowish powder was precipitated. An iodinoK^ontaining benzene 
solution was added to recrystallize this powder and 0.8g of a yellowish powder was obtained. The obtained 
yellowish powder was analyzed for its structure and composition by the proton magnetic resonance (^H- 
NMR) spectrum and it was found that the powder was a styrylamine compound represented by: 

25 

N^CH = CH-<0> 



The procedure of Example 1 was repeated, wherein a 0.9wt% solution obtained by dissolving 200mg 
of this compound in 20g of a dichloromethane was coated on a transparent supporting substrate according 
35 to the spin coating method. This spin coating was carried out in 7000rpm for 50 seconds. The thickness of 
the obtained film was measured by said DEKTAK 3030, with the resultant finding that it W£^ 600±500A and 
the thin film had a quite uneven thickness. 

Ordinarily, a thin film cannot be formed from a single member of an organic low molecular weight 
compound having this much unevenness according to the spin coating method and It is impossible to use 
40 such a compound as an emitting layer or as a hole injecting layer. 

Comparative Example 1: 

A styrylamine compound represented by: 

45 

<n)-CHP(C2H5)2 

was synthesized by repeating the procedure of Reference Example 1. except that a sulfonate represented 
by the following structural formula: 
55 Structural Formula 
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10 was used. 

Furthermore, an organic EL device was prepared by repeating the procedure of Example 1, except that 
the above styrylamine compound was used as the emitting layer ( at a thickness of 50nm). 

This organic EL device had an ITO electrode as the anode and a mixed metal electrode of magnesium 
and silver as the cathode. 

75 When the voltage of 10V was applied, it was found that the EL device was shortcircutted. incapable of 
emitting EL. 

Bcample 2: 

20 A polycartx)nate was obtained by repeating the procedure of Example 1. Then, a hole injecting layer 
was prepared by coating a 0.9wt.% solution obtained by dissolving 200mg of this polycarfc>onate in 20g of a 
dichlorometiiane according to the spin coating method. This spin coating was carried out in 7000rPm for 50 
seconds, resulting in a film having a thickness of 600t lOOA (surface profile detector: DEKTAK 3030). 

Then, the transparent supporting substrate was set to the substrate holder of a commercially available 

25 vapor deposition system (supplied by Nihon Vacuum Technique Co., Ltd.) having 3 resistance heating 
boats. 

Placed in one boat was an aluminum complex (Alq, 200mg) wherein a 8-hydroxyquinoline was 
coordinated at (III). A magnesium(2g) was placed in another boat and a silver(200mg) in still another boat 
and then the vacuum chamt)er was depressurized to 10~3Pa. 

30 Thereafter, the boat containing the Alq was heated to 250 to 270 * C to deposit the Alq at a deposition 
rate of 0.1 to 0.3nm/sec. and provide an electron transferring emitting layer at a tiiickness of 50nm thick film 
on the transparent supporting substrate! In tiiis process the substrate was maintained at room temperature. 

Thereafter, the boat containing magnesium and the boat containing silver were electrified simulta- 
neously to deposit them while keeping the ratio of one rate of deposition to another rate of deposition 

35 (magnesium : silver) at 1:7 to 1:10. Thus, obtained was an opposed electrode comprising the magnesium 
an(j silver which were deposited at a thickness of 120nm (detected by. a quartz oscillator sensor). In tiiis 
way, the desired organic EL device was completed. 

The so obtained organic EL device had an ITO electrode as the anode and a mixed metal electrode of 
magnesium and silver as the cathode and was applied with a DC voltage of 12V. resulting in the passage of 

40 an electric cunrent of approximately 168mA/cm^ to emit EL in Green as determined by the chromaticity 
coodinates. The peak wavelength as determined by the spectrometry was 513nm and the brightness was 
800cd/cm2. 

Comparative Example 2: 

45 

An EL device was prepared by repeating the procedure of Example 2. except that the hole injecting 
layer comprising the polycarbonate layer was removed. 

The so obtained organic EL device had an ITO electrode as the anode and a mixed metal electrode of 
magnesium and silver as the cathode and was applied with a DC voltage of 17V, resulting in the passage of 
50 an electric current of approximately 20mA/cm^ to luminesce in Green as detemnlned by the chromaticity 
coodinates. The peak wavelength as determined by the spectrometry was 5l3nm and the brightness was 
20cd/cm^. It was found that this device required a very high voltage but had low brightness, showing that 
the polycarbonate layer had served the function of a hole injecting layer to a full extent in Example 2. 

55 Examples 3 to 8: 

The EL devices were prepared by using the polycartx)nates listed in Table 1 as the luminescence layer 
and repeating the procedure of Example 1. The results obtained with these devices are given in Table 1. 
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They were found to have sufficiently high brightness and high lunninescence efficiency in the colors of blue 
wherein it is difficult for EL luminescence layers to work. 



Table 1 





gKjXjKXU. USJiiCiKAXi 


Voltace 

(vT 


Current 
(mA/cm^ ) 


3 


Synthesis Example. 1 


7 


100 


U 


Synthesis Example. 2 


7 


80 


5 


Synthesis Example. 3 


7 


80 


6 


Synthesis Example, k 


7 


100 


7 


Synthesis Example. 5 


7 


70 


8 


Synthesis Example. 6 


7 


60 



Table 1 (continued) 



Example 
No. 


Color of 
Luminescence 


Brightness 
(ccl/m^) 


Luminescence 
Eff. (Im/W) 


3 


Greenish blue 


UOO 


0.2 




Purplish blue 


150 


0.08 


5 


Purple 


200 


0.1 


6 


Blue 


10 


O.OU 


7 


Bluish green 


600 


0.4 . 


8 


Purplish green 


260 


0.2 
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Reference Example 2: 



10 



(1) Synthesis of: 



76 



20 



CHO 



6.0g (0.08mole) of a DMF was added dropwise to 4g (0.026mole) of a phosphorus oxychloride while 
cooling them with ice and a transparent solution was obtained. 6.6g (0.024mole) of a 4-methox- 
ytriphenylamlne was added to the solution to obtain a yellow suspension. The yellow suspension was stirred 

25 at 4* C for 1 hour, followed by stirring with heating at 80* C for 1 hour to obtain a reddish brown solution. 
The solution was allowed to stand to cool and the resultant reaction solution was introduced into 100ml of 
water and neutralized on addition of 2g of a sodium acetate. A yellow precipitate obtained therein was 
filtered and the residue was washed with 100ml of water thrice and distilled under reduced pressure and 6.1 
g of a yellow powder was obtained (yield: 83%). The powder was analyzed with the proton magnetic 

30 resonance OH-NMR), with the finding of the desired compound. 

(2) Synthesis of: 



35 



40 



"''°'^n-<^ch = ch-OhD-ch = ch-<0^n<(2''''"" 



5.0g (0.011 mole) of a phosphonate represented by: 



45 

(CtHtO). 

O 



(C.H,0)»||H.C-^-^-CH,J(0:c.H.). 



50 22.5g (0.022mole) of a potassium-t-butoxide and 6.7g (0.022mole) of an aldehyde synthesized in Reference 
Example 2 (1) were suspended in 100ml of a dimethyl sulfoxide anhydride and the suspension was stirred 
in an atmosphere of argon gas at room temperature. The resultant red suspension was stirred for 5 hours, 
50ml of methanol and 50ml of water were added thereto and a yellow oily substance was obtained. The 
yellow oily substance was purified by the silica gel chromatography to obtain 4.0g (yield: 48%) of a yellow 

55 amorphous compound. The so obtained compound was analyzed with the ^H-NMR spectrum, with the 
resultant finding of the desired compound. 



35 



(3) Synthesis of: 
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5 



OK 



CH=.CH-^-! 



N 



3.0g (0.0039mole) of the compound obtained in Reference Example 2 (2) was placed in a flask 
equipped with a nitrogen gas tube and dissolved in 50ml of a methylene chloride with cooling. 0^7ml 
(0.0075mole) of a boron tribromide was slowly dropped thereto. After the dropping was over, the reaction 
75 solution was stirred for 3 hours at room temperature and 50ml of water in limited amounts was added 
thereto with cooling. The organic layer was washed with 50ml of water thrice and dried with a sodium 
sulfate. The sodium sulfate was filtered, then the solvent was distilled away and 2.2g (yield: 77%) of the 
desired compound was obtained. The compound was analyzed with the ^H-NMR spectrum and it was found 
that the obtained product was the desired compound. 



Synthesis Example 8: 

A solution obtained by dissolving 88.8g (0.125mole) of the bisphenol compound having the styrylamine 
skeleton synthesized in Reference Example 2 and 33.5g (0.125mole) of a 1, 1-bis(4-hydroxyphenyl) 
25 cyclohexane in 600ml of a 3N aqueous sodium hydroxide solution and 250ml of a methylene chloride were 
introduced into a 1 liter flask. The reaction solution was vigorously stirred while keeping it at a temperature 
close to 10 *C with external cooling and phosgene was blown thereinto at a rate of 340ml/min. for 30 
minutes. 

Then, the stirring was continued for 1 hour to complete the polymerization. After the reaction was 
30 completed, the organic layer was diluted with the addition of 500ml of a methylene chloride. The diluted 

organic layer was washed with water, dilute hydrochloride acid and water in this order and introduced Into a 

methanol to obtain a polycarbonate. 

This polycart>onate was found to have a reduced viscosity bispfc] of 0.70dl/g as determined in a solution 

having a concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. 
35 The mean molecular weight (Mw) of the polymer was measured by the gel permeation chromatography 

(GPC), witii the resultant finding of 28000. The polymer was analyzed with the spectrum .each of the ^H- 

NMR and IR, with the follpwing findings: 

iH-NMR (solvent: CD2CI2) 

5 (ppm) = 1 .55 (6H, s), 2.3(4H, s), 6.8 to 7.5 (144H. m) 
40 IR (KBr tablet method) 

981 cm"^(5 c-H trans) 

The polymer was analyzed for its structure and composition in accordance with the results of the above 
spectrum analyses and it was found that the polymer was a polycartK)nate copolymer having the following 
repeating unit and composition: 



20 



45 



-CH-CH-Q>-<0>- 



CH-CH^-I 



N 



N0> 



c 




50 



55 
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Synthesis Example 9: 

A bisphenol compound represented by the following structural formula Structural Formula 

5 



(C.H,0)iPH.C-^-CH,P(OC.H.), 

O O 



10 

was obtained by repeating the procedure of Reference Example 2, except that the following compound: 



75 



20 

was used as the phosphonate. 

A polycarbonate was obtained by repeating the procedure of Synthesis Example 8, except that 136.4g 

(0.2mole) of this bisphenol compound having the ak>ove styrylamine skeleton and 12.8g (O.OSmole) of a 2, 

2-bis(3-methyM-hydroxyphenyl) propane in place of 1, 1-bis(4-hydroxyphenyl) cyclohexane were used. 
25 This polycartx)nate was found to have a hsp/c] of 0.53dl/g as determined in a solution having a 

concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 

was measured by the GPC with the resultant finding of 28000. 

The structure and composition of this polymer were analyzed with the spectrum each of the ^H-NMR, 

IR and MS. with the resultant finding that the polymer was a polycarbonate copolymer having the following 
30 repeating unit and composition: 



o.s 



40 



/ CH, CH, ^ 

-l-o-O— {— Q-o-c — 
\ C H . C H . o /o. : 



Synthesis Example 10: 

45 

A bisphenol compound represented by the following structural formulaiStructural Formula 



( C . H , O ) , P H , C C H = C H O C H , 



was obtained by repeating the procedure of Reference Example 2, except that the following compound: 

55 
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N -<0>-C H = C H-<P>-C H = C H-^O H 



was used as the phosphonate. 

A polycarbonate was obtained by repeating the procedure of Synthesis Example 8, except that 23.35g 

(0.05mole) of this bisphenol compound having the above styrylamine skeleton and 70.4g (O^Omole) of a 1, 
10 1-bis(4-hydroxyphenyI)-1, 1-dlpheny!methane In place of 1, 1-bis(4-hydroxy phenyl) cyclohexane were used. 

This polycarbonate was found to have a hsp/c]. of 0.74dl/g as determined in a solution having a 

concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 

was measured by the GPC with the resultant finding of 30000. 

Ihe structure and composition of this polymer were determined with tho result of the analysis of the 
75 spectrum each of the ^H-NMR. IR and MS. As the result It was found that the polymer was a polycarbonate 

copolymer having the following repeating unit and composition: 

/ 0. 2 



20 




25 



30 



O O / 0. 8 



Syntiiesis Example 11: 

A bisphenol compound represented by the following structural formula:Structural Formula 



( C , H • O ) . P H . C -^-^^ C H . P ( O C . H . ) . 
O o 

40 

was obtained by repeating the procedure of Reference Example 2, except that the following compound: 



was used as the phosphonate and following another compound: 

50 



55 



was used as the aldehyde derivative. 



38 



EP 0 557 534 A1 



A polycarbonate was obtained by repeating the procedure of Synthesis Example 8, except that 113.5g 
(0.125mole) of this bisphenol compound having a styrylamine skeleton represented by the above fonnula 
and 28.5g (0.125mole) of a 2, 2-bts(4-hydroxyphenyl) propane In place of 1, 1-bis(4-hydroxyphenyl) 
cyclohexane were used. 

5 This polycarbonate was found to have a hsp/c] of 0.68dl/g as detenmlned In a solution having a 
concentration of 0.5g/dl of the polycartx)nate with the methylene chloride as the solvent at 20»C. The Mw 
was measured by the GPC with the resultant finding of 24000. 

The structure and composition of this polymer were determined with the result of the analysis of the 
spectrum each of the ^H-NMR, IR and MS, As the result, it was found that the polymer was a polycarbonate 

w copolymer having the following repeating unit and composition: 



IS 



20 



25 



35 



0. •la 



.57 



Synthesis Example 12: . 

A tMsphenol compound represented by the following structural formula:Structural Formula 



(C.HiOtPH.C -7/^ 
« (O) 

° U_ 

^^==^CH,P(OC.H,), 
II 
O 



was obtained by repeating the procedure of Reference Bcample 2, except that the following compound: 



40 



45 



50 



\^ tl t 



was used as the phosphonate and following another compound: 



55 



CH. 



was used as the aldehyde derivative. 
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A polycarbonate was obtained by repeating the procedure of Synthesis Example 8, except that 158g 
(O^mole) of this bisphenol compound having a styrylamine skeleton represented by the above formula and 
13.4g (O.OSmole) of a 1. 1-bis(4-hydroxyphenyl) cyclohexane were used. This polycartx)nate was found to 
have a hsf/c] of 0.52dl/g as determined in a solution having a concentration of 0.5g/dl of the polycarbonate 
with the methylene chloride as the solvent at 20*C. The Mw was measured by the GPC with the resultant 
finding of 21000. 

The structure and composition of this polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS. with the resultant finding that the polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



Synthesis Example 13: 

A bisphenol compound represented by the following structural formula: Structural. Fonmula 



(C.H.O ),PH,C-^-CH.P(OCtHi)t 



II H 
O O 



was obtained by repeating the procedure of Reference Example 2, except that the compound represented 
by: 



was used as the phosphonate. 

A polycarbonate was obtained by repeating the procedure of Synthesis Example 8, except that 34.1 g 
(0.05mole) of this bisphenol compound having a styrylamine skeleton represented by the above structural 
formula and 70.4g (0.20mole) of a 1, 1-bis(4-hydroxyphenyl)-1, 1-diphenylmethane in place of 1. 1-bis(4- 
hydroxyphenyl) cyclohexane were used. This polycarbonate was found to have a hs{/c] of 0.62dl/g as 
determined in a solution having a concentration of 0.5g/dl of the polycarbonate with the methylene chloride 
as the solvent at 20 *C. The Mw was measured by the GPC with the resultant finding of 21000. 

The structure and composition of this polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS, with the resultant finding that the polymer was a polycart)onate 
copolymer having the following repeating unit and composition: 
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10 



^ O 0^0. 



Synthesis Example 14: 

15 

A bisphenol compound represented by the following structural formula: Structural Formula 



20 



(C,H.O).rH.C-@-@-CH,P(OC,H,). 



was obtained by repeating the procedure of Reference Example 2. except that the following compound: 

25 



30 



H.CO-<Q-^-CHO 

6 



was used as the phosphonate and following another compound: 

35 



40 



N^^C H = C H -O-C H « C H-^^N^^^ 



was used as the aldehyde derivative. 

A polycarbonate was obtained by repeating the procedure of Synthesis Example 8, except that 132.4g 
45 (0.2mole) of this bisphenol compound having a styrylamine skeleton represented by the above structural 
fonrnila and 12.8g (O.OSmole) of a 2, 24)is(3-methyl-4-hydroxyphenyl) propane in place of 1, 1-bis(4- 
hydroxyphenyl)cyclohexane were used. 

This polycarbonate was found to have a hsp/c] of 0.68dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 
50 was measured by the GPC with the resultant finding of 29000. 

The structure and composition of this polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS. with the resultant finding that the polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 

55 
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N^^-C H = C H C H » C H-^J-N 



0. 23 



\ C H • C H , 0 /o. 77 



10 



Synthesis Example 15: 

75 A polycarbonate was otitatned by repeating the procedure of Reference Example 2 and Synthesis 
Example 8, except that 144.8g (0.2mole) of a bisphenol compound having a styrylamlne skeleton repre- 
sented by the following structural formula:Structural Formula 



20 



"°"^H-©.CH-CHHOHOKCB-CH^M(g"" 



25 and 20.2g (0.2mole) of a 4, 4-hydroxyphenylether In place of 1, 1-bis(4-hydroxyphenyl) cyclohexane were 
used. This polycarbonate was found to have a hsp/c] of 0.71 dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20 ^C. The Mw 
was measured by the GPC with the resultant finding of 30000. 

The structure and composition of this polymer were determined with the results of the analysis of the 

30 spectrum each of the ^H-NMR, IR and MS, with the resultant finding that the polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



35 



40 



°"2)N-<0^CH.CH^-O-CH-CH^N(g"°-S 




("-O-oO-o-sV 

\ 0/0.5 



45 Synthesis Example 16: 

A polycarbonate was obtained by repeating the procedure of Reference Example 2 and Synthesis 
Example 8. except that 72.4g (0.1 mole) of a bisphenol compound having a styrylamlne skeleton repre- 
sented by the following structural formula:Structural Formula 

50 



55 



and 21 .8g (0.1 mole) of a 4, 4'-hydroxybiphenylsulfone in place of 1. 1-bis(4-hydroxyphenyl) cyclohexane 
were used. This polycarbonate was found to have a hsp/c] of 0.5dl/g as determined in a solution having a 
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concentration of 0.5g/dl of tfie polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 
was measured by the GPC with the resultant finding of 19000. 

The structure and composition of this polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS. with the resultant finding that the polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



o.s 



O /0.5 



Syntiiesis Example 17: 

A polycartx)nate was obtained by repeating the procedure of Reference Example 2 and Synthesis 
Example 8. except that 72.4g (0.1 mole) of a bisphenol compound having a styrylamine skeleton repre- 
sented by. the following structural fonmula:Structural Formula 



and 25g (0.1 mole) of a 4, 4'-hydroxybrphenylsulfide in place of 1, 1-bis(4-hydroxyphenyl) cyclohexane were 
used. This polycarbonate was found to have a hsffo] of 0.62dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20 * C. The Mw 
was measured by the GPC with the resultant finding of 24000. 

. The structure and composition of this polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS. with the resultant finding that the polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



"''''"§)"^OH-C„-aH0hCH-OH^„(g-°-Sj- 



^ O /0.5 



Synthesis Example 18: 

A polycarbonate was obtained by repeating the procedure of Reference Example 2 and Synthesis 
Example 8. except that 72.4g (0.1 mole) of a bisphenol compound having a styrylamine skeleton repre- 
sented by the following structural formula:Structural Formula 
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and 19g (0.1 mole) of a 1, 4-bis(4-hydroxyphenyl) butane In place of 1, 1-bis(4-hydroxyphenyl) cyclohexane 
were used. This polycarbonate was found to have a bsp/c] of 0.71 dl/g as determined in a solution having a 
10 concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 
was measured by the GPC with the resultant finding of 31000. 

The structure and composition of this polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS, with the resultant finding that the polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



15 



20 



25 



35 



40 



""^N-<0y-CH.CH-<0^CH.CH-O-N(^''"" 




\ O /0.6 



Synthesis Example 19: 

30 A polycarbonate was obtained by repeating the procedure of Reference Example 2 and Synthesis 
Example 8, except that 72.4g (0.1 mole) of a bisphenol compound having a styrylamine skeleton repre- 
sented by the following structural formularStructural Formula . 



/<n>-oH 



and 34.4g (0.1 mole) of a 1, Vbis(4-hydroxyphenyl) cyclohexane were used. This polycarbonate was found 
to have a bsp/c] of 0.65dl/g as detennined in a solution having a concentration of 0.5g/dl of the 
polycarl)onate with the methylene chloride as the solvent at 20*C. The Mw was measured by the GPC with 
the resultant finding of 25000. 
45 The structure and composition of this polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS. with the resultant finding that the polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



50 



55 
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20 



25 



35 



40 



45 



'"■^n-O-ch-ch^mOkch-chkO^h^"! 



0.5 




70 



75 Synthesis Example 20: 

A polycarbonate was obtained by repeating the procedure of Reference Example 2 and Synthesis 
* Example 8, except that 72.4g (0.1 mole) of a bisphenol compound having a styrylamine skeleton repre- 
sented by the following structural formula:Structural Formula 



and 18.6g (0.1 mole) of a 4, 4'-biphenyl in place of 1, 1-bls(4-hydroxyphenyl) cyclohexane were used. This 
polycarbonate was found to have a hsj/c] of 0.68dl/g as determined in a solution haying a concentration of 
30 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20 * C. The Mw was measured by 
the GPC with the resultant finding of 29000. 

The structure and composition of this, polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IB and MS, with the resultant finding that the polymer was a polycartx>nate 
copolymer having the following repeating unit and composition: 



0.5 



\ 0/0.6 



Synthesis Example 21: 

50 A polycarbonate was obtained by repeating the procedure of Reference Example 2 and Synthesis 
Example 8. except that 75.2g (0.2mole) of a bisphenol compound having a styrylamine skeleton repre- 
sented by the following structural formula:Structural Formula 



55 
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and 21 .6g (0.1 mole) of a 2, 2-bis{4-hydroxyphenyl) propane in place of 1. 1-bis(4-hydroxyphenyl) cyclohex- 
ane were used. Tfiis polycarbonate was found to have a hsf/c] of 0.68dl/g as determined in a solution 
10 having a concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. 
The Mw was measured by the GPC with the resultant finding of 25000. 

The structure and composition of this polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS, with the resultant finding that the polymer was a polycart)onate 
copolymer having the following repeating unit and composition: 



15 



20 



25 



35 



50 



55 



-(-°-<o^|-o-°-s-V 

\ CH, 0/0.5 




Synthesis Example 22: 

30 A polycarbonate was obtained by repeating the procedure of Reference Example 2 and Synthesis 
Example 8, except that 61 .8g (0.1 mole) of a bisphenol compound having a styrylamine skeleton repre- 
sented by the following structural formula:Structural Formula 



H,C CII. 



40 and 21 .6g (0.1 mole) of a 2, 2-bis(4-hydroxy phenyl) propane in place of 1, 1-bis(4-hydroxyphenyl) cyclohex- 
ane were used. This polycartx)nate was found to have a hsp/c] of 0.85dt/g as determined in a solution 
having a concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. 
The Mw was measured by the GPC with the resultant finding of 34000. 

The structure and composition of this polymer were determined with the results of the analysis of the 

45 spectrum each of the ^H-NMR, IR and MS» with the resultant finding that the polymer was a polycartx)nate 
copolymer having the following repeating unit and composition: 



-0 - C \— 



'°'^N-O-CH-CHHaH0-CH-CH-<O>-N^"'' JJ 
H.C t'H. 

(-"-o-r-^o-c-v 

C Hi 0 A. 6 
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Synthesis Example 23: 

A polycarbonate was obtained by repeating ttie procedure of Reference Example 2 and Synthesis 
Example 8, except that 78.4g (0.1 mole) of a bisphenol compound having a styrylamine skeleton repre- 
5 sented by the following structural fonfnula:Structural Formula 



70 




and 4.6 (0.1 mole) of a 2, 2-bis(4-hydroxyphenyl) propane in place of 1. 1-bis(4-hydroxyphenyl) cyclohexane 
IS were used. This polycarbonate was found to have a Usp/c] of 0.59dl/g as determined in a solution having a 

concentration of O.Sg/dl of the polycark>onate with the methylene chloride as the solvent at 20*C. The Mw 

was measured by the GPC with the resultant finding of 20000. 

The structure and composition of this polymer were determined with the results of the analysis of the 

spectrum each of the ^H-NMR, IR and MS, with the resultant finding that the polymer was a polycart)onate 
20 copolymer having the following repeating unit and composition: 



25 



30 




Example 9: 

36 

. A transparent supporting substrate was provided in the form of a 25.mmx75mmx1 .1 mm glass substrate 
over which a film having a thickness of lOOnm was formed from an ITO according to the vapor deposition 
process (supplied by HOYA). Previously this sut>strate was washed with an ultrasonic wave in isopropyl 
alcohol, dried by blowing nitrogen gas and further washed with UV ozone (UV 300 supplied by Samco 

40 International) for 8 minutes. 

A luminescence layer was laid on this transparent supporting substrate by coating a 0.9wt.% solution 
obtained by dissolving 200mg of the polycarbonate of Synthesis Example 10 In 20g of a 1, 2-dichloroethane 
according to the spin coating process. The spin coating was carried out in 7000rPm for 50 seconds, 
resulting in a film having a thickness of 600 ± 50A'i(surface profile detector: DEKTAK 3030 supplied by 

45 Sloan Co.). This luminescence layer was very excellent in the thin film properties and furtiier it was 
expected tiiat a good organic EL device could be made from this luminescence layer. Then, this transparent 
supporting substrate was set to the substrate holder of a commercially available vacuum deposition system 
comprising 3 resistance heating boats (supplied by Japan Vacuum Technique Co., Ltd.) Placed in one boat 
was 200mg of a PBD as the electron injecting material. 2g of a magnesium was placed in another boat and 

50 200mg of a silver in still another boat and then the vacuum chamber was depressurized to 2x1 0"^ Pa. 
Then, the boat containing PBD was heated to deposit the PBD at a deposition rate of 0.3 to 0.5nm/sec and 
provide an electron injecting layer comprising a film having a thickness of 20nm on the transparent 
supporting substrate. In this process, the substrate was maintained at room temperature. 

Thereafter, the boat containing magnesium and the boat containing silver were electrified simulta- 

55 neously to deposit them while keeping a ratio of one rate of deposition to another rate of deposition 

*1: The film was examined by an optical microscope 3 months later, with the resultant finding that no 
recognizable changes in the thin film and crystallization were present and the film remained as it should be. 
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(magnesium : silver) at 1:7 to 1:10. Thus, obtained was an opposed electrode connprising the magnesium 
and silver which were deposed in the form of a laminate having a thickness of 120nm (detected by a quartz 
oscillator sensor). In this way. the desired organic EL device was completed. 

Then, the so obtained organic EL device was applied with a DC voltage of 6V, resulting in the passage 
5 of an electric current of 70mA/cm^ to luminesce in Blue green as determined by the chromaticity 
coordinates. The peak wavelength as determined by the spectrometry was 4d3nm and the brightness was 
1200cd/cm2. 

Reference Example 3: 

10 

A phosphonate represented by the following structural formula:Structural Formula ^ 



15 ©-CH = CH--^-CH.P<oc.H.). 

0 

was dissolved in 20 ml of a dimethylsulfoxide (DMSO) in an atmosphere of argon gas and 1.0g of a 
20 potassium-t-butoxide (t-BuOK) was added thereto Then, a compound represented by the following structural 
formula:Structural Formula 



25 




30 

was added thereto and the resultant mixture was stirred for 5 hours. 100ml of a methanol was added to the 
so obtained reaction product and a yellow powder was precipitated. An iodine-containing benzene solution 
was added to this powder for recrystallization and 0.9g of a yellowish powder was obtained. 

The structure and composition of the so obtained yellowish powder were analyzed according to the 
35 spectrum of the proton magnetic resonance OH-NMR),and as the result It was found that the power was a 
styrylamtne compound represented by: 



N-<Q- C H = C H-<0>-C H = C H -<0> 

By repeating the procedure of Example 9. a 0.9wt.% solution obtained by dissolving 20mg of this 
compound in 20g of a dichloromethane was coated on the transparent supporting substrate according to the 
spin coating process. The spin coating was carried out in 7000rPm for 50 seconds. The obtained film was 
measured by said DEKTAK 3030, with the resultant finding that the thin film had a maricedly uneven 
thickness of 600±400A. 

Ordinarily, a film cannot be formed from a single member of a low molecular weight organic substance 
having such marked unevenness and the material can by no means be used either as a luminescence layer 
or as a hole injecting layer. 

Comparative Example 3: 

An organic EL device was prepared by repeating the procedure of Example 9, except that the 
styrylamtne compound obtained in Reference Example 3 was used as the emitting layer (a film at a 
thickness of 60nm). 
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The organic EL device had an ITO electrode as the anode and a mixed metal electrode of magnesium 
and silver as the cathode and was applied with a DC voltage of TV and as the result it was found that the 
device was shortclrcuited, incapable of emitting EL. 

5 Example 10: 

A polycarbonate was synthesized by repeating the procedure of Example 9. Then, a hole injecting layer 
was prepared on the transparent supporting substrate by coating a 0.9wt.% solution obtained by dissolving 
200mg of the above polycarbonate in 20g of a dichloromethane according to the spin coating process. The 

10 spin coating was canried out in 7000rpm for 50 seconds, resulting in a film at a thickness of 600 t lOOA 
(surface profile detector: DEKTAK 3030 supplied by Sloan Co.)- Then, this transparent supporting substrate 
was set to the substrate holder of a commercially available vacuum deposition system comprising 3 
resistance heating boats (supplied by Japan Vacuum Technique Co., Ltd.) Placed in one boat was an 
aluminum complex (Alq, 200mg) In which a &-hydroxyquinoline as an emitting material was coordinated at 

75 (III). A magnesium(2g) was placed in another boat and a silver(200mg) in still another boat and then the 
vacuum chamber was depressurized to 10"^ Pa. Then, the tx)at containing Alq was heated to 250 to 270 
*C to deposit the Alq at a deposition rate of 0.1 to 0.3nnn/sec and provide an electron transferring 
luminescence layer comprising a film at a thickness of 50nm on the transparent supporting substrate. In this 
process, the substrate was maintained at room temperature. 

20 Thereafter, the boat containing magnesium and the boat containing silver were electrified simulta- 
neously to deposit them while keeping the ratio of one rate of deposition to another rate of deposition 
(magnesium : silver) at 1:7 to 1:10. Thus, obtained was an opposed electrode comprising the magnesium 
and silver which were deposited at a thickness of 120nm (detected by a quartz oscillating sensor). In this 
way, the desired organic EL device was completed. 

25 The so obtained organic EL device had an ITO electrode as the anode and a mixed metal electrode of 

magnesium and silver as the cathode and was applied with a DC voltage of 7V, resulting in the passage of 

an electric current of approximately 50mA/cm^ to emit EL in Green as determined by the chromaticity 

coordinates. The peak wavelength as detemnined by the spectrometry was 513nm and the brightness was 
1000cd/cnr)2 

30 

Comparative Example 4: 

An organic EL device was prepared by repeating the procedure of Example 10, except that the hole 
injecting layer comprising the polycarbonate layer was not incorporated into the device. 

35 The organic EL device had an ITO electrode as the anode and a mixed metal electrode of magnesium 
and silver as the cathode and was applied with a DC voltage of 17V, resulting in the passage of an electrip 
current of approximately 20mA/cm^ to emit EL In Green as determined by the chromaticity coordinates. The 
peak wavelength as determined by the spectrometry was 513nm and the brightness was 20cd/m^. This 
device required a markedly high voltage but had low brightness, emphasizing that the poiycartx>nate layer 

40 had worked as a hole injecting layer perfectly in Example 2. 

Examples 11 to 25: 

The organic EL devices were prepared by using the polycaribonates listed in Table 2 as the emitting 
45 layer and repeating the procedure of Example 9. The results obtained with them are given in Table 2. 

Those devices were found to have sufficiently high brightness and high^ luminescence efficiency in colors 
wherein it is difficult for tiie conventional EL emitting layers to work. 
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Table 2 



Example 
No. 


Polycarbonates 


Voltage 
(V) 


Current 
(mA/cm^ ) 


11 


Synthesis Example. 


1 


9 


50 


12 


Synthesis Example. 


2 


7 


70 


13 


Synthesis Example. 


3 


7 


40 


111 


Synthesis Example. 




7 


70 


15 


Synthesis Example. 


5 


8 


70 


16 


Synthesis Example. 


6 


9 


60 


17 


Synthesis Example. 


8 


9 


45 


18 


I^thesis Example. 


9 


10 * 


60 


19 


Synthesis Example. 


10 


12 


35 


20 


Synthesis Example. 


11 


8 


40 


21 


Synthesis Example. 


12 


9 


75 


22 


Synthesis Example. 


13 


10 


80 


23 


Synthesis Example. 


14 


7 


90 


2U 


Synthesis Example. 


15 


8 


25 ' 


25 


Synthesis Example. 


16 


9 


30 
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Table 2 (continued) 



CiACUliUXO 

No. 


of Luminescence 


(cd/m2) 


Eff. (Im/W) 


11 


Green 


1200 


0.8 


12 


Greenish blue 


250 


0.2 


13 


Green 


1000 


1.1 


14 


Bluish green 


600 


0.4 


15 


Blue 


400 


0.2 


16 


Blue 


500 


0.3 


17 


Green 


800 


0.6 


18 


Green 


450 


0.2 


19 


Green 


150 


0.1 


20 


Green 


600 


0.6 


21 


Green 


800 


0.4 


22 


Green 


1000 


0.4 


23 


Green 


400 


0.2 


2U 


Bluish green 


500 


0.8 


25 


Green 


400 


0.5 



Reference Bcample 4: 
Synthesis of: 




(1) Synthesis of an arylene group-containing phosphoric compound 

9.0g of a 4. 4'-bis(bromomethyl) biphenyl and 11g of a triethyl phosphite were stirred on an oil bath at 
1 40 for 6 hours in a stream of argon gas. Then, the excessive triethyl phosphite and an ethyl bromide 
formed as a byproduct were distilled away under reduced pressure. The residue was allowed to stand 
ovemight and 9.5g (yield: 80%) of white crystals was obtained. The crystals were found to have a nrielting 
point of 97.0 to 100.0*0. They were analyzed by the proton nuclear magnetic resonance (^H-NMR, solvent: 
CDCI3) and the results thereof are given t>elow: 
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5 = 7.0 to 7.6ppm (m; 8H, blphenylene ring-H) 
5 =4.0ppm (q: 8H. ethoxy group methylene-CH) 
a = 3-1ppm (d; 4H. J = 20Hz(3^P-^H coupllng)P-CH2) 
5 = 1 .3ppm (t; 12H, ethoxy group methyl-CHa) 

It was confirmed from the at>ove results that the product was an arylene group-containing phosphoric 
compound (phosphonate) represented by the following formula: 



(C«H60),PH2C-(OH§)-CH2P(OC2H5)2 



15 (2) Synthesis of: 



20 




25 6.2g (0.016mole) of the phosphonate synthesized in (1) above, 3.6g (O.OSmole) of a potassium-t- 
butoxide and 6.3g (0.03mole) of a 4-methoxyben20phenone were suspended in 100ml of a dimethylsulfox- 
ide anhydride and stirred at room temperature in an atmosphere of argon gas. The reaction product 
occurred as a red suspension. After 4 hours of stining, 50ml of methanol and 50ml of water were added 
thereto and a yellow precipitate was formed. The precipitate was filtered and purified by the silica gel 

30 chromatography to obtain 3.2g (yield: 40%) of a yellowish powder. The powder was analyzed by the proton 
nuclear magnetic resonance OH-NMR). with the resultant finding that it was the desired product. 

(3) Synthesis of: 



35 



40 



H 0 -<§)- C = C H-<g>-^^)-C H = C 0 H 



3.0g (0.006mole) of the compound obtained in (2) ak>ove was placed In a 200ml flask equipped with a 
nitrogen tube and 50ml of a methylene chloride was introduced thereto. The compound was dissolved in 

45 50ml of the methylene chloride while cooling the solution and 1.2ml of a tx)ron tribromide was slowly 
dropped into the solution. After the dropping was completed, the reaction solution was stinred at room 
temperature for 3 hours and again with cooling 50ml of water in limited amounts was added thereto. The 
organic layer was washed with 50ml of water thrice and dried with a sodium sulfate. After the sodium sulfate 
was filtered, the solvent was distilled away to obtain 3.0g (yield: 90%) of the desired compound. The 

50 analysis with ^H-NMR resulted in the finding that the structure of the obtained compound was the structure 
of the desired product. 

Synthesis Example 24: 



55 A solution obtained by dissolving 67.8g (0.125mole) of the dihydroxy compound synthesized in the 
same way as in Reference Example 4 and 28.5g (0.125mole) of a 2. 2-bis(4-hydroxyphenyl) propane in 
600ml of a 3N aqueous sodium hydroxide solution and 250ml of a methylene chloride were placed in a 1 
liter flask. The reaction solution was vigorously stirred while the temperature of the solution was kept close 
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to 10*C with external cooling and a phosgene was blown thereinto at a rate of 340ml/min for 30 minutes. 

Thereafter the stimng was continued for another 1 hour to complete the polymerization. After the 
reaction was over, the organic layer was diluted with 500ml of the methylene chloride. 

The diluted organic layer was washed with water, diluted hydrochloric acid and water in this order and 
5 introduced into a methanol to obtain a po!ycart)onate polymer. 

The so obtained polymer was found to have a reduced viscosity hsf/c] of 0.89dl/g as determined in a 
solution having a concentration of 0.5g/dl of the polycart)onate with the methylene chloride as the solvent at 
20*C. 

The polymer was also analyzed with the spectrum each of the ^H-NMR and IR and the results thereof 
10 are given as follows: 

'H-NMR (Solvent: CDaCb) 
5ppm) = 1.70(6H. s) 
6.8 to 7.5 (34H. m) 

It was confirmed from the results of the NMR spectrum and the IR spectrum that this polymer 
75 comprised the following repeating unit and composition: 



j 0-<g>-C = C H-(g>-<g)-C H = C -(S>-0 C 



20 



25 



30 



40 



SO 




CHa 

o^c-<g>-oc 

CHa O 




Synthesis Example 25: 
35 A dihydroxy compound represented by: 



H 0-<g>-C = C H-<g>-C H = C -<O>-0 H 



45 was obtained by repeating the procedure of Reference Example 4, except that 



Cj) 0 
(C2H,0):PH2C-(g)-CH2P(OC2H5)j 



was used as a phosphonate. 

A solution comprising 65.8g (0.125mole) of this dihydroxy compound having a diary Ivinylene arylene 
55 skeleton and 33.5g (0.l25mole) of a 1, l-bis(4-hydroxy phenyl) cyclohexane and 250ml of a methylene 
chloride were placed In a 1 liter flask. The reaction solution was vigorously stirred while the temperature of 
the solution was kept close to 10 *C with external cooling and phosgene was blown thereinto at a rate of 
340m/min for 30 minutes. 
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TTiereafter the stirring was continued for 1 hour to complete the polymerization. After the reaction was 
over, the organic layer was diluted with 520ml of the methylene chloride and the diluted organic layer was 
washed with water, diluted hydrochloric acid and water in this order and the product was introduced into 
methanol to obtain a polycarbonate polymer. 

This polymer was found to have a iis^/c of 0.6dl/g as determined in a solution having a concentration of 
0.5g/dl of the polycartK)nate with the methylene chloride as the solvent at 20 •C. The mean molecular 
weight (Mw) of the polymer was measured with the gel permeation chromatography (GPC), with the 
resultant finding of 25000. 

The structure and composition of this polymer were determined with the result of the analysis of the 
spectrum as described above, with the resultant finding that the polymer was a polycart)onate copolymer 
having the following repeating unit and composition: 




Synthesis Example 26: 

A polycarbonate polymer was obtained by repeating the procedure of Synthesis Example 24. except 
that 95.6g (0.2mole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 




and 12.8g (O.OSmole) of a 2, 2-bis(3-methyl-4-hydroxyphenyl) propane in place of 1, 1-bis(44iydroxyphenyl) 
cyclopropane were used. 

The so obtained polymer was found to have a f|sp/c of 0.45dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 
of the polymer was measured by the GPC, with the resultant finding of 15000. 

The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR. IR and MS, with the resultant finding that this polymer was a polycaribonate 
copolymer having the following repeating unit and compo^tion: 
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5 




0-<g>-C = C H-(g>-C H = C 



OC 

II 

0 




0.8 




CH3 CH3 CH3 




10 



H3 0 



0.2 



75 



Synthesis Example 27: 

A polycarbonate polymer was obtained by repeating the procedure of Synthesis Example 24, except 
20 that 15.1 mole of a dihydroxy compound having a diary Ivinylene arylene skeleton represented by: 



and 70.4g (0.20mole) of a 1, 1-bis(4-hydroxyphenyl)-1. 1-diphenylmethane In place of 1, 1-bis(4-hydrox- 
30 yphenyl) cyclohexane were used. 

The so obtained polymer was found to have a i/sp/c of 0.75dl/g as determined In a solution having a 
concentration of 0.5g/dl of the polycairt)0.nate with the methylene chloride as the solvent at 20 *C. TTie Mw: 
of the polymer was measured by the gel permeation chromatography (GPC), with the resultant finding of 
28000. 

35 The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR. IR and MS with the resultant finding th^t this polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



H OHg)-C = C H-<g)Hg)-C H = C ^<g)h 





OH 



25 



45 



40 




0.2 



50 
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Synthesis Example 28: 

A polycarbonate polymer was obtained by repeating the procedure of Synthesis Example 24. except 
that 82.1 g (0.125mole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 

CH 3 

H 0-<|O)-C = C H-^H^C H = C -<g)-0 H 
(6l CH3 

and 28.5g (0.125mole) of a 2, 2-bis(4-hydroxyphenyl) propane In place of 1, 1-bis(4-hydroxyphenyl) 
cyclohexane were used. 

The so obtained polymer was found to have a iisp/c of 0.4dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycartx>nate with the methylene chloride as the sohrent at 20*C. The Mw 
of the polymer was measured by the GPC, with the resultant finding of 13000. 

The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS with the resultant finding that this polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 




Synthesis Example 29: 

A polycark)onate polymer was obtained by repeating the procedure of Synthesis Example 24, except 
that 71 .2g (0.2mole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 




and 13.4g (O.OSmole) of a 1, 1 -bis(4-hydroxyphenyl) cyclohexane were used. The so obtained polymer was 
found to have a ns^c of 0.79dl/g as determined in a solution having a concentiration of 0.5g/dl of the 
polycarbonate with the methylene chloride as the solvent at 20*C. The Mw of the polymer was measured 
by the GPC, witii the resultant finding of 32000. 

The sta'uchjre and composition of the polymer were detenmined with the results of the analysis of the 
spectrum each of the ^H-NMR» IR and MS with the resultant finding that this polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 
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5 



10 




15 

Synthesis Example 30: 

A polycarbonate polymer was obtained by repeating the procedure of Synthesis Example 24, except 
that 13.7g (O.OSmole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 

20 



25 




and 70.4g (0.20mole) of a 1. l'bis(4^hydroxyphenyl)-1. 1-diphenylmethane in place of 1. 1-bis(4-hydrox- 
30 yphenyl) cyclohexane were used. 

The so obtained polymer was found to have a jjsj/c of 0.4dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20 *C. The Mw. 
of the polymer was measured by the GPC, with the resultant finding of 18000. 

The structure and composition of the polymer were determined with the results of the analysis of the 
35 spectrum each of the ^H-NMR, IR and MS, withe the resultant finding that this polymer was a poIycart)onate 
' copolymer having the following retpeating unit and composition: 



40 



45 



50 




Synthesis Example 31: 

55 A polycarbonate polymer was obtained by repeating the procedure of Synthesis Example 24, except 
that 74.4g (0.2mole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 
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H 0-(g>-C = C H-^C H = C-^(O>-0 H 
CHa 

and 44.6g (0.2mole) of a 2, 2-bis(3-methyl-4-hydroxyphenyl) propane In place of 1, 1-bis(4-hydroxyphenyl) 
cycldhexane were used. 

The so obtained polymer was found to have a i|s|/c of 0.7dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycart)onate with the methylene chloride as the solvent at 20 * C. The Mw 
of the polymer was measured by the GPC, with the resultant finding of 32000. 

The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS with the resultant finding that this polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 




Synthesis Example 32: 

A polycartx)nate polymer was obtained by repeating the procedure of Synthesis Example 24, except 
that 122.25g (0.125mole) of a dihydroxy compound having a diarylvinylene arylene skeletori represented by: 

H 0-<g>-(g>-C = C H -<g>-C H = C -<g>-(g>-0 H 

and 32.25g (0.125mole) of a 2. 2-bis(3-methyl-4-hydroxyphenyl) propane in place of 1. 1-bis{4-hydrox- 
yphenyl) cyclohexane were used. 

The so obtained polymer was found to have a ifsp/c of 0.6dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 
of the polymer was measured by the GPC, with the resultant finding of 24000. 

The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS with the resultant finding that this polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 
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5 



70 




Synthesis Example 33: 

75 

A polycarbonate polymer was obtained by repeating the procedure of Synthesis Example 24. except 
that 109.5g (0.125mole) of a dihydroxy compound having a diary Ivinylene arylene skeleton represented by: 



20 



25 




and 32.25g (0.125mole) of a 2, 2-bis(3-methyl-4-hydroxyphenyl) propane in place of 1, 1-bis(4-hydrox- 

yphenyl) cyclohexane were used. 
30 The so obtained polymer was found to have a v^sp/c of 0.4dl/g as determined in a solution having a 

concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20 'C. The Mw 

of the polymer was measured by the GPC. with the resultant finding of 13000. 

The structure and composition of the polymer were detenmined with the results of he analysis of the 

spectrum each of the ^H-NMR. IR and MS with the resultant finding that this polymer was a polycarbonate 
35 copolymer having the following repeating unit and composition: 



40 



45 




Synthesis Example 34: 



A polycark)onate polymer was obtained by repeating the procedure of Synthesis Example 24. except 
55 that 107g (0.125mole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 
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10 and 25.3g (0.125mole) of a bis(4-hydroxyphenyl) ether in place of 1, 1-bis(4-hydroxy phenyl) cyclohexane 
were used. 

The so obtained polymer was found to have a i^sf/c of 0.61 dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 
of the polymer was measured by the GPC, with the resultant finding of 21000. 
75 The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS with the resultant finding that this polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



20 



25 



30 




35 Synthesis Example 35: 

A polycartx)nate polymer was obtained by repeating the procedure of Synthesis Example 24. except 
that 122.3g (0.125mole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 



45 




50 and 2525Q (0.125mole) of a 1, 2-bis(4-hydroxy phenyl) ethane in place of 1, 1-bis(4-hydroxyphenyl) 
cyclohexane were used. 

The so obtained polymer was found to have a i^sp/c of 0.45dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20 • C. The Mw 
of the polymer was measured by the GPC, with the resultant finding of 15000. 
55 The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR. IR and MS with the resultant finding that this polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 
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0-<Q)-fC H .^-,-<g).o C 

0 



75 



0.5 



Synthesis Example 36: 

20 A polycarbonate polymer was ot>talned by repeating the procedure of Synthesis Example 24, except 
that 87.75g (0.125mole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 

c 

CH, CHt 



30 and 26.75g (0.125mole) of a 4, 4*-dihydroxyphenyl in place of 1, 1-bis(4-hydroxyphenyl) cyclohexane were 
used. 

The so obtained polymer was found to have a i^sp/c of 0.65dl/g as determined in a solution having a: 
concentration of 0.5g/dl of the polycart>onate with the methylene chloride as the solvent at 20*C. The Mw 
of the polymer was measured by the GPC, with the resultant finding of 26000. 
35 The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS with the resultant finding th^t this polymer was a polycarbonate 
copolymer having the following repeating unit and composition: 



40 



45 



0-<g>-C = C H-<g>H^C H = C^O C 

CH. CH. ol 

/ 0.5 



so 



o-<OMO>oc — \ 
o 



55 



0.5 



Synthesis Example 37: 

A polycarbonate p>olymer was obtained by repeating the procedure of Synthesis Example 24, except 
that 103g (0.125mole) of a dihydroxy compound having a diarylvinylene arylene skeleton represented by: 
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and 31 .7g (0.125mole) of a 3, 3-bis(hydroxy phenyl) pentane in place of 1, 1-bis(4-hydroxyphenyl) cyclOhex- 
ane were used. 

10 The so obtained polymer was found to have a i^sp/c of 0.45dl/g as determined in a solution having a 
concentration of 0.5g/dl of the polycarbonate with the methylene chloride as the solvent at 20*C. The Mw 
of the polymer was measured by the GPC, with the resultant finding of 17000. 

The structure and composition of the polymer were determined with the results of the analysis of the 
spectrum each of the ^H-NMR, IR and MS with the resultant finding that this polymer was a polycarbonate 

IS copolymer having the following repeating unit and composition: 



20 



25 




Example 26: 

35 A transparent supporting substrate was provided in the form of a 25mmx75mmx1 .1 mm glass substrate 
over which a film having a thickness of lOOnm was forrped from an ITO according to the vapor deposition 
method (supplied by HOYA Co., Ltd.). Previously this substrate was washed with an ultrasonic wave in an 
isopropyl alcohol, dried by blowing nitrogen gas and further washed in a UV ozone (UV36b supplied by 
Samco International) for 8 minutes. 

40 An emitting layer was laid over this transparent supporting substrate by coating a 0.9wt.% solution 
obtained by dissolving 200mg of the polycarbonate of Synthesis Example 25 In 20g of a dichloromethane 
according to the spin coating method. This spin coating was carried out in 7000rpm for 50 seconds, 
resulting in a film at a thickness of 600 1 150A*^ (surface profile detector: DEKTAK 3030 supplied by Sloan 
Co.). Then, the transparent supporting substrate was set to the substrate holder of a commercially available 

45 vacuum deposition system (supplied by Nihon Vacuum Technique Co., Ltd.) having 3 resistance heating 
boats. Placed in one boat was PBD(200mg) as the electron injecting material. A magnesium(2g) was placed 
in another boat and a silver(200mg) in still another boat and then the vacuum chamber was depressurized 
to 2x10~3Pa. Thereafter, the boat containing PBD was heated to deposit the PBD at a deposition rate of 0.3 
to 0.5nm/sec. and provide an electron Injecting layer comprising a film at a thickness of 20nm on the 

50 transparent supporting substrate. In this process, the substrate was maintained at room temperature. 

Thereafter, the t>oat containing the magnesium and the boat containing the silver were electrified 
simultaneously to deposit both materials while keeping the ratio of one rate of deposition to another rate of 
deposition (magnesium:sitver) at 1:7 to 1:10. Thus, obtained was an opposed electrode comprising the 
magnesium and silver which were deposited at a thickness of 120nm (detected by a quartz oscillating 

55 sensor). In this way. the desired organic EL device was completed. 

*1: The film was examined by an optical microscope 5 months later, with the resultant finding that no 
recognizable crystals were present and the film remained as it should be. 
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Then, the so obtained organic EL device was applied with a DC voltage of 6V, resulting in the passage 
of an electric current of approximately 75mA/cm^ to emit EL in Blue Green as determined by the 
chromaticity coordinates. The peak wavelength as determined by the spectrometry was 485nm and the 
brightness was SSOcd/m^. 

Reference Example 5: 

A sulfonate represented by the following structural formula: 
Structural Formula 



75 



(C,H.O),PH.C-^^CH2P(OC2H5)2 



was dissolved in 20ml of a dimethyl sulfoxide (DMSO) in an atmosphere of argon gas and I.Og of a 
potassium-t-butoxide (t-BuOK) was added thereto. Then, a compound represented by the following struc- 
tural fomiula:Structural Formula 

20 

O 

25 

was added and the resultant mixture was stirred for 5 hours. 100ml of a methanol was added to the reaction 
product and then a yellowish power was precipitated. A benzene solution containing an iodine was added to 
recrystallize this powder and 0.8g of a yellowish powder was obtained. The structure and composition of the 
30 so obtained powder was analyzed by the ^H-NMR, with the resultant finding that it was a dihydroxy 
compound represented by: 



C H . C H-^-C H = C H , 

19) (QJ 

A 0.9wt.% solution obtained by dissolving 200mg of this compound in 20g of a dichloromethane was 
40 coated on a transparent supporting substrate according to the spin coating method and by repeating the 
procedure of Example 26. In this process, the spin coating was carried out in 7000rPm for 50 seconds, 
resulting in a film having a thickness of 600±500A as determined by said DEKTAK 3030 which means a 
quite uneven thin film. 

Ordinarily, a film cannot be formed from a single memt>er of an organic low molecular weight substance 
45 having marked unevenness according to the spin coating method and the substance can by no means be 
used either as a luminescent layer or as a hole injecting layer. 

Comparative Example 5: 

50 A compound having a diarylvinylene arylene skeleton represent by: 



55 



C H . 0-<g>-C = C H-^-C H = C-<g)-0 C H . 

lO) 0\ 
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was synthesized by repeating the procedure of Reference Example 5. 

Furthenmore, an organic EL device was prepared by repeating the procedure of Example 26, except 
that the above compound was used as the emitting layer (in a film at a thickness of 50nm). 

The organic EL device had an ITO electrode as the anode and a mixed metal electrode of magnesium 
5 and siker as the cathode and was applied with a DC voltage of 10V and it was found that the device was 
short- circuited, incapable of emitting EL. This is explained by the fact that the thin film could not be formed 
from the low molecular weight compound to cause the shortcircuit in the device. 

Example 27: 

10 

A polycarbonate was obtained by repeating the procedure of Example 26. Then, a hole injecting layer 
was provided by coating a 0.9wt.% solution obtained by dissolving 200mg of the at>ove polycarbonate in 
20g of a dichtoromethane according to the spin coating method. This spin coating was carried out in 
7000rpm for 50 seconds, resulting in a film at a thickness of 600±150A (surface profile detector: DEKTAK 

75 3030). Thereafter, the transparent supporting substrate was set to the sut)strate holder of a commercially 
available vacuum deposition system (supplied by Nihon Vacuum Technique Co., Ltd.) having 3 resistance 
heating boats. Placed in one boat was an aluminum complex (Alq, 200mg) wherein a 8-hydroxyquinoline 
was coordinated at (Ml) as the luminescence material. A magnesium(2g) was placed in another boat and a 
silver(200mg) in still another boat and then the vacuum chamber was depressurlzed to lO^^Pa. Thereaftefp 

20 the boat containing Alq was heated to 250 to 270 *C to deposit the Alq at a deposition rate of 0.1 to 
0.3nm/sec. and provide an electron transferring emitting layer comprising a 50nm thick film on the 
transparent supporting substrate. In this process, the substrate was maintained at room temperature. 

Next, the boat containing the magnesium and the boat containing the silver were electrified simulta- 
neously to deposit both the materials while keeping the ratio of one rate of deposition to another rate of 

25 deposition (magnesium:silver) at 1:7 to 1:10. Thus, obtained was an opposed electrode, comprising the 
magnesium and silver which were deposited at a thickness of 120nm (detected by a quartz oscillating 
sensor). In this way, the desired organic EL device was completed. 

The so obtained organic EL device had an ITO electrode as the anode and a mixed metal electrode of 
magnesium and silver as the cathode and was applied with a DC voltage of 12V, resulting in the passage of 

30 an electric cun^ent of approximately 76mA/cm^ to emit EL in Green as determined by the chromaticity 
coordinates. The peak wavelength as determined by the spectrometry was 513nm and the brightness was 
1000cd/m2. 

Comparative Example 6: 

35 

An organic EL .device was prepared by repeating the procedure of Example 2, exqept that the hole 
injecting layer comprising the polycarit)onate layer was not incorporated into the device. 

The organic EL device had an ITO electrode as the anode and a mixed metal electrode of magnesium 
and silver as the cathode and was applied with a DC voltage of 1 7V, resulting in the passage of an electric 
40 cun'ent of approximately 20mA/cm2 to emit EL in Green as determined by the chromaticity coordinates. The 
peak wavelength as determined by the spectrometry was 513nm and the brightness was ZOcd/m^. In this 
device, the required voltage was at a markedly high level but brightness was very low, emphasizing that the 
polycart)onate layer served as a hole injecting layer to a full extent in Example 2. 

45 Examples 28 to 36: 

Organic EL devices were prepared by using the polycarbonates listed in Table 3 and repeating the 
procedure of Example 26 and the results obtained with them are given in Table 3. 

Those EL devices were found to achieve sufficientiy high brightness and further be excellent in efficiency of 
50 emitting EL in the colors range wherein it is difficult for conventional polymer emitting layers to work. 
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Table 3 



Example 
No. 


Polycarbonates 


Voltage 
(VT 


Electric Current 
(mA/cm^ ) 


26 


Synthesis Example. 25 


9 


14 


27 


Synthesis Example. 27 


10 


30 


28 


Synthesis Example. 28 


7 


25 


29 


Synthesis Example. 29 


8 


70 


30 


Synthesis Example. 30 


12 


20 


31 


Synthesis Example. 31 


10 


140 


32 


Synthesis Example. 24 


8 


30 


33 


Synthesis Example. 32 


7 


50 


3U 


Synthesis Example. 33 


11 


65 


35 


Synthesis Example. 34 


10 


30 


36 


Synthesis Example. 35 


8 


70 


37 


Synthesis Example. 36 


13 


30 


38 


Synthesis Example. 37 


9 


40 



35 



40 



45 



50 



65 
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Table 3 (Continued) 



Example 
No. 


Colors of 
Luminescence 


Briditness 
(cd/mM 


Luminesc^ce 
Efficiency (Im/W) 


26 


Purplish blue 


200 


0.5 


27 


Blue 


700 


0.7 


28 


Blue 


600 


1.0 


29 


Blue 


200 


0.1 


30 


Yellowish green 


200 


0.5 


31 


Purplish blue 


50 


0.06 


32 


Blue 


UOO 


0.5 


33 


Bluish greai 


600 


0.5 


34 


Green 


llOO 


0.2 


35 


Bluish green 


560 


0.6 


36 


Green 


700 


0.4 


37 


Purple 


150 


0.1 


38 


Blue 


500 


0.4 



35 

INDUSTRIAL APPLICABILITY 

As described above, the organic EL device of the present invention Is made of either or both of the 
emitting layer and the hole injecting layer comprising a thin film which Is easy to be formed by the spin 

40 coating process. These emitting or hole injecting layers have an excellent ability to retain thin films. 
Furthermore, the organic EL device of the present invention, if using a polycart>onate of the present 
invention as an emitting layer. Is capable of emitting EL in a color range from blue to green. Furthermore, 
the organic EL device of the present invention is sufficiently high In brightness, has high luminescence 
efficiency on an application of a low applied voltage and further has a long span of life time. 

45 TTius, it is expected that the organic EL device of the present invention will find a wide and effective 
application in various segments of industry as an highly useful industrial tool. 



Claims 



50 1. An organic electroluminescence device which comprises a polycarbonate containing a repeating unit of 
a styrylamlne skeleton or a diarylvinylene arylene skeleton each having an electroluminescence 
function as at least one material of an emitting material and a hole injecting material. 

2. The organic electroluminescence device according to Claim 1 wherein the styrylamlne skeleton is a 
55 monovalent or divalent group formed by removing hydrogen atoms from a molecule wherein one 
aromatic tertiary amine is substituted by at least one arylvinylene or arylvinylene arylenevinylene group 
having 8 to 22 cart)on atoms. 
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The organic electroluminescence device according to Claim 1 wherein the styrylamine skeleton is a 
divalent group formed by removing hydrogen atoms from a molecule comprising 2 or 3 aromatic 
tertiary amines and a vinylene group or a vinylenearylene vinylene group having 10 to 22 cartx>n atoms 
which combines said aromatic tertiary amines. 

The organic electroluminescence device according to Claim 2 or 3, wherein a polycart>onate has a 
repeating unit comprising a styrylamine skeleton represented by the general formula (I): 

"-Ar^-N-Ar2~C=C-ArH-N-Ar''V • • (D 
I II I 

Ar5 R» Ar^ 

wherein Ar^ to Ar^ are each independentiy a substituted or unsubstituted arylene group having 6 to 20 
carbon atoms; Ar® and Ar® are each independentiy a substituted or unsubstituted aryl group having 6 to 
20 carbon atoms; and are each independently a hydrogen atom , an alkyi group having 1 to 6 
carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 caribon atoms wherein the 
substituent group is an alkyI group or an alkoxy group each having 1 to 10 carbon atoms; and P is an 
integer of 0 or 1 . 

The organic electroluminescence device according to Claim 2 or 3, wherein the polycarbonate has a 
repeating unit (a) represented by the general formula (II): 

-6- Ar' - N- Ar^ - C= C- Ar'<-N- Ar* ^1-0- 

'II I ir 
Ar' R' R2 Ar* 0 

• • (II) 

wherein A^ to A^. R\ R^ and P are as defined above and a repeating unit (fi) represented by the 
general formula (III): 

<o-^yhQ-o-c)- . . (ni) 

R' R' 0 

wherein R^ and R^ are each independentiy a hydrogen atom or an alkyI group having 1 to 6 casbon 
atoms; Y is an single bond represented by: 
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R5 
I 

-C- , -0- (oxy) . 
R« O 

-S- (thio) , -S- (sulfonyl) 

10 O 



(oyolohexyl) 



T5 



20 



-fCHa 

wherein x is an integer of 2 to 10; and are each independently a hydrogen atom or an aikyi 
group having 1 to 6 carbon atoms or an aryl group having 6 to 10 cart>on atoms. 

25 6. The organic electroluminescence device according to Claim 2 or 3 wherein the polycarbonate has a 
repeating unit represented by the general formula (IV): 



30 



35 



-Ar'-N-Ar*-C=CH-Ar'-CH = C-Ar»-eN-Ar*>T- 

I i I I 

.Ar» R' R* Ar* 



(IV) 



wherein R\ R^, P and Ar^ to Ai^ are as define above; Ar"^ is each independently a substituted or 
unsuK>stituted arylene group having 6 to 20 cartx>n atoms wherein the substituent group is an alkyi 
group or an alkoxy group each having 1 to 10 carbon atoms; and dotted lines mean an acceptable 
40 singie-t)ond linkage. 

7. The organic electroluminescence device according to Claim 2 or 3, wherein the polycart)onate has a 
repeating unit (7) represented by the general formufa (V): 

45 

-(- 0 — Ar -N - Ar C = CH -Ar CH= C - Ar '^ N-Ar * -)-r- 0 - C V 

^ I.I I I r 

Ar' R' R* Ar* 0 



50 



(V) 



wherein to A^, R\ R^ and P are as defined above; and dotted lines mean an acceptable single-k)ond 
55 linkage and the repeating unit {0) represented by the general formula (III). 

8. The organic electroluminescence device according to Claim 1. wherein the polycarbonate has a 
repeating unit A comprising a diarylvinylene arylene skeleton represented by the general formula (IX): 
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-fO-Ar '-C = CH-Ar»-CH = C-Ar «°-0-C-> 
I I II 

R' R« O 

• • (IX) 

wherein Ar* to Ar^° are each independently a substituted or unsubstituted arylene group having 6 to 10 
70 carbon atoms represented by: 
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R9 RIO 



wherein and are each independently any of a hydrogen atom, a halogen atom, an alkyi group 
20 having 1 to 6 carbon atoms or an aryl group having 6 to 12 carbon atoms; and Y is a single bond 
represented by: 

R" 

as I 

-0-, -S-, -SO2-, -C-, 

R12 





HJ > ^ . -f-CH2-)T 



wherein R" and R^^ are each independently a hydrogen atom, a trifluoromethyl group, an aDcyl group 
having 1 to 6 carbon atoms or an aryl group having 6 to 12 carlx>n atoms; and s is an integer of 2 to 
10. 

c 



wherein r is an integer of 4 to 10, or 

wherein s is as defined above; and are each independently an alkyI group having 1 to 6 carbon 
atoms or a substituted or unsubstituted aryl group having 6 to 20 carbon atoms. 



55 9. 



The organic electroluminescence device according to Claim 8, wherein the polycart)onate has a 
reduced viscosity of 0.2dl/g or more as determined in a solution having a concentration of 0.5g/dl of the 
polycarbonate with a methylene chtoride as the solvent at 20 * C. 
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10. The organic electroluminescence device according to Claim 9, wherein the polycarbonate has the 
repeating unit A represented by the general fomnula (IX) and a repeating unit B represented by the 
general formula (X): 



10 




wherein R^^ and R^^ are each independently a hydrogen atom, a halogen atom, an alky I group having 1 
to 6 carbon atoms or an aryl group having 6 to 12 carbon atoms; p and q are each Independently an 
integer of 1 to 4; and X is a single bond represented by: 

15 

-0-. -S-. -SO2-, -C-, 



2S 




30 wherein R^^ and R^^ are each independently a hydrogen atom, a trifluoromethyl group, an alkyi group 
having 1 to 6 carbon atoms or an aryl group having 6 to 12 carbon atoms; and s is as defined above. 



35 




wherein t is an integer of 4 to 10, or 

40 



45 wherein u is an inter of 2 to 10. 

11. The organic electroluminescence device according to Claim 4 or 6, wherein the polycartx)nate has a 
reduced viscosity of 0.2dl/g or more as determined in a solution having a concentration of 0.5g/dl of the 
polycarbonate with a methylene chloride as the solvent at 20* C. 

50 

12. The organic electroluminescence device wherein the potycart)onate as set forth in Claim 1 is interposed 
between a pair of electrodes. 

13b The organic electroluminescence device according to Claim 1, comprising an anode, a hole injecting 
55 layer, an emitting layer, an electron injecting layer and a cathode which are laminated in this order. 

14. The organic electroluminescence device according to Claim 1, comprising an anode, an emitting layer, 
an electron injecting layer and a cathode which are laminated in this order. 
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,15. The organic electroluminescence device comprising a hole injecting layer made of the polycartwnate 
as set forth in Claim 1 . 

16. The organic electroluminescence device comprising a hole injecting layer made of the polycarbonate 
5 as set forth in Claim 8. 

17. The organic electroluminescence device comprising an emitting layer made of the polycart)onate as set 
forth In Claim 1. 

10 18. The organic electroluminescence device comprising an emitting layer made of the polycarbonate as set 
forth in Claim 8. 
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